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To Our Readers: 


The next issue of the Review will be mailed in July. All but 
two of the papers read at the Philadelphia Convention have been 
published. We hope to have these printed when space permits. 


W. J. R. KENNEDY, Editor 





SUMMARY OF RESEARCHES ON ELECTRO- 
DEPOSITION AT THE BUREAU OF STANDARDS* 


July 1, 1931 to June 30, 1932 
By Dr. William Blum 


Bureau of Standards 
Read at the Philadelphia Convention, 1932 


I. General Status 


The personnel of the section is the same as at the beginning 
of this fiscal year, and includes two chemists, two assistant chem- 
ists, one junior chemist, one scientific aide and a clerk. In ad- 
dition it includes P. W. C. Strausser, Research Associate of the 
Electroplaters’ Society. An additional laboratory apprentice was 
employed for six months by the Bureau and for two months sl 
the Electroplaters’ Society. 


II. Publications 


Research Paper 368 on ““The Porosity of Chromium Deposits” 
was published in the October Journal of Research, and copies 
were purchased by the Electroplaters’ Society for distribution 
to their members. 

Research Paper 384 on “The Analysis of Cyanide Silver- 
Plating Solutions” was published in the November Journal of 
Research. 


"Eepbanicn approved by the Director of the Bureau of Standards of the U. S. Department 
of Commerce. 
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A general review of the use of cyanides in metallurgy, includ- 
ing electrodeposition, was published by M. R. Thompson in the 
Transactions of the Electrochemical Society, Vol. 60, p. 35; 1931. 

A discussion of the principles involved in the definition and de- 
termination of “free cyanide” in electroplating solutions was 
published by W. Blum in the Transactions of the Electro- 
chemical Society, Vol. 60, p. 143; 1931. 

A review of “The Status of Chromium Plating” was presented 
by W. Blum to the Franklin Institute and published in the Jour- 
nal of the Franklin Institute, Vol. 213, p. 17; 1932. 


III. Research Projects 
1. Protective Value of Plated Coatings. 


This investigation conducted in cooperation with the American 
Electroplaters’ Society and American Society for Testing Ma- 


terials, will be reported in detail in other papers to this Con- 
vention. 


2. Decomposition of Cyanide Solutions. 


A study of the rates of decomposition of cyanide solutions, es- 
pecially those used in plating, will be reported in a separate paper 


by R. M. Wick. 


3. Theory of Chromium Deposition. 


Charles Kasper has completed a study of the theory of chro- 
mium deposition, a full report of which will be published in the 
Journal of Research in the near future. 

The most difficult factor to explain is the necessity for sulphate 
(or some equivalent anion) in the chromic acid bath. 

According to the theory developed in this research, the sul- 
phate is effective because it is strongly absorbed by the colloidal 
basic chromium chromate that tends to form a nearly imper- 
vious film at the cathode if pure chromic acid is electrolyzed. 
When it takes up the sulphate, the colloidal film is rendered more 
permeable and permits metal deposition to occur. 

Trivalent chromium salts, such as chromic sulphate and chro- 
mic chloride, are known to exist in two forms, which are colored 
respectively violet and green. The violet sulphate dissociates like 
other salts and forms sulphate anions, but the green salt forms 
complex cations that contain sulphate. The simple sulphate ions 
migrate to the anode and not to the cathode. It is shown, how- 
ever, that in this bath the sulphate is present principally as green 
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chromic sulphate, which forms complex cations that migrate to 
the cathode and carry the sulphate with them. To be effective, 
an addition agent, such as sulphate, must form a green complex, 
and must be strongly absorbed by the colloid. 

It was shown in this investigation that trivalent chromium 
above that necessary to form chromic sulphate, first produces 
chromium dichromate, Cr2(Cr207)3, which is in solution as a 
strong electrolyte (or ionogen), and not as a colloid or weak elec- 
trolyte. A still higher content of trivalent chromium leads to the 
formation of colloidal basic chromium chromate. 

This theory was confirmed by showing that all of the principal 
facts of chromium plating are consistent with it. In addition cer- 
tain predictions were made and were then tested. For example 
it was predicted and confirmed that perchloric acid is not an 
effective addition agent because it does not form a green chro- 
mium salt. Similarly it was predicted that at high current den- 
sities, a high sulphate content solution would yield bright de- 
posits, and that then the sulphate content would not be critical. 
For example, at 45°C (113°F) a bright deposit is obtained with 
100 to 200 amp./sq./ft. in a solution with a 100:1 ratio of 
CrO3/SO4. If, however, the sulphate is increased so that this 
ratio is 25:1, bright deposits can be obtained with 750 to 1000 
amp./sq./ft., and the sulphate content is not critical. These re- 
sults confirm and extend the observations of Schneidewind and 


of Willink. 


4. Applications of the Glass Electrode. 


M. R. Thompson has completed a study of the glass electrode, 
the results of which will be published soon in the Journal of 
Research. . 

It has been shown by previous authors that measurements of 
pH can be made with a glass electrode in solutions that contain 
oxidizing agents or other substances that interfere with the hydro- 
gen or quinhydrone electrode. The most common type of elec- 
trode consists of a small glass tube, across one end of which a 
very thin glass membrane is sealed. Such electrodes are difficult 
to prepare and are very fragile. 

In this research a more rugged electrode, the “metal-con- 
nected” electrode was developed. This consists of a glass tube 
of moderate thickness, with a coating of metal on either the in- 
side or outside, and to which a contact is made. This coating may 
consist of a silver film plated with copper. This electrode is prac- 
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tically indestructible and gives results that are about as reliable 
as with the usual fragile type. 

This provides an improved tool for research to measure the 
pH of oxidizing solutions, such as chromic acid, and possibly 
some of the alkaline cyanide solutions. At present the apparatus 
used for measuring the potentials is expensive and complicated, 
and hence is not adapted for routine testing. 
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IV. Miscellaneous Activities P | 

The following subjects received attention. 7‘ 

(a) Members of the section conducted a class on general prin- 
ciples of chemistry for the members of the Baltimore- 
Washington Branch of the Electroplaters’ Society. S 

(b) Various solutions were analyzed for the Bureau of En- tic 
graving and Printing. A brief study was made of different te 
types of iron anodes for use at that Bureau. 

(c) Solutions were analyzed for Camp Holabird, Baltimore, di 
Md., and advice furnished regarding the operation of their 
plating plant. a 

(d) Assistance was rendered to the Metallurgy Division of the t} 
Bureau in a study of anodic coatings on aluminum. 

(e) F. M. Setzler of the National Museum was associated in 
the restoration of a number of ancient bronzes by the elec- e 
trolytic reduction process described by Fink. d 

(f) Assistance and advice were furnished to the Government t 
Printing Office in the electrotyping processes, especially . 
the operation of the automatic conveyors. 

(g) Members of the section cooperated with the American ‘ 
Standards Association in the standardization of definitions ( 


in electrochemistry, including those used in electro- 
plating. 


rn 


(h) About 1600 letters requesting information (apart from 
routine requests for publications) on electroplating were 
answered. About 100 persons visited the Bureau to obtain 
information on plating. 


V. Future Activities 


These will depend upon the available funds and the support 
received from the Electroplaters’ Society during the coming year. 
So far as funds and personnel permit, the following researches 
will probably be conducted. 


. Accelerated corrosion tests and stripping tests on plated 
steel. 

. Factors involved in silver deposition. 

. Copper cyanide solutions. 

. Trivalent chromium baths. 


In these and other activities we will welcome the continued 
cooperation of the American Electroplaters’ Society. (Applause). 

Mr. O. E. Servis: May I ask a question? Dr. Blum, you re- 
ferred to the Royal Typewriter Co. 

Dr. Bium: The Royal Electrotype Co. 

Mr. Servis: Yes,—in trying to replace graphite with silver. 

Dr. Buium: I perhaps gave the wrong impression. I said the 
Government Printing Office are doing those experiments. I men- 
tioned the Royal Electrotype Company to show you we were in- 
terested in electrotyping. 

Mr. Servis: However, you mentioned they were using silver 
direct on the wax surface. How do they reduce that silver? 

Dr. BLtum: By a chemical method, the same way as in silver- 
ing glass, using the different reducing agents. That is really what 
they are doing, trying different reducing agents. 

Mr. Servis: Ammonia? 

Dr. Bium: Both the ammonia solutions and the others. You 
see, in the ammonia solutions they use Rochelle salts for re- 
duction, and there have been some other acid solutions which 
they suggested which they are trying out to see whether they 
will work. 

Another interesting paper by Dr. Wm. Blum will be printed in 
the April Review-entitled the Protective Value of Electroplated 
Coatings. 

Joint Research of American Electroplaters’ Society, American 
Society for Testing Materials and Bureau of Standards. 





George Gehling in Automobile Accident 


We learn with regret that Past President, George Gehling 
met with a.serious automobile accident which necessitated his 
being confined in a hospital for a number of weeks. George has a 
host of friends in the A. E. S. who wish him a speedy recovery 
with no serious after effects. 


Those wishing to write may address their letters to his home, 
5001 Tulip Street, Philadelphia, Pa. 
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BARREL PLATING—WITH PARTICULAR 





REFERENCE TO OPTIMISM LOADS AND COSTS - 
By Gustaf Soderberg - 

Udylite Process Co. " 

Read at the Philadelphia Convention, 1932 str 

I have written this paper about barrel plating because I am Th 
certain that many of today’s practices must be changed. There rhe 


are entirely too many complaints. In still plating we are be- 





gel 
ginning to learn the necessity of calculating areas, coptrolling cu! 
current densities and time, and providing proper contacts. so 
Barrel plating, on the other hand, is still run according to rule us 
of thumb in most places. A barrel load is still a basket full or en 
100 pounds. As a result, thickness tests and salt spray values m 
too often vary all over the map, not only from load to load, but do 
within the same load. lo: 

The subject is rather complicated, and I don’t claim to give 
a solution to all the problems which arise. However, I hope to b: 
give some leads which will be helpful. In addition to the limita- si 
tion given in the title of my paper, I have also limited the dis- tk 
cussion to horizontal barrels. The main principles hold true, of 
however, also for other types. I have, of course, drawn from my p 
experience of cadmium plating, but one can very well apply the h. 

same reasoning to copper or nickel or any other barrel plating. 

Figuring the Load li 

A moment ago I stated that thickness tests and salt spray 
tests vary, on one hand from load to load, on the other hand I 
from piece to piece within the same load. Our problem of pro- is 
ducing uniform results consequently can be divided in two, . 
namely: é 
1. How to obtain the desired average thickness from load to , 
load on all kinds of work. " 


2. How to obtain the same amount of plate on all pieces in 
one certain barrel load. 


I will discuss each one of these problems separately. 


How to Obtain the Desired Average Thickness 





This is a comparatively simple matter if we just apply the 
same principles as we apply in still tank plating. 

In order to get a certain thickness of plate we must, according 
to Faraday’s law, plate at a certain current density for a certain 
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period of time. Thus we have four variables to contend with, 
namely, the total current, the barrel efficiency, the area of work 
and the plating time. 


The total current depends on the voltage, on the barrel con- 
struction and on the load. Let us consider each one separately. 
The voltage is constant except for the few places where line 
rheostats are used. I might say here that such rheostats are 
generally unnecessary on cadmium plating barrels because 
current densities are relatively high and the loads are seldom 
so small that the generator voltage is excessive. If rheostats are 
used, they should be supplied with a short circuit switch to be 
employed when maximum current is required to plate a maxi- 
mum load, otherwise the internal resistance of the rheostat cuts 
down the total voltages and thereby the size of the maximum 


load. 


Aside from the voltage, the total current depends on the 
barrel construction. I will enumerate only a few details: the 
size and number of perforations, the size of conductors, whether 
the current enters through one or both cylinder heads, the type 
of contacts in the barrel, clean anode rods, anode hooks giving 
point contacts, and proper electrical contacts between the 
hanger frame and the cathode connections. 


Finally, big, heavy loads draw more current than small and 
light loads. So much for the total current. 


Next in line comes the barrel efficiency. With barrel efficiency, 
I mean the percentage of current as read by the ammeter which 
is used for actual plating. Generally the efficiency of micarta 
or bakelite barrels used in cadmium plating solutions is about 
80% after two months and 50-60% after 6-12 months, when 
the plating efficiency of the solution is 95%. This situation is 
caused by two things; namely, absorption of plating solution 
by the panels which makes them conductive and causes treeing 
and shorts; and by mechanical weakening of the barrel which 
also invites treeing at the joints on some types of barrels, which 
is waste of current. Rubber cylinders properly designed are 
superior in this respect. They do not absorb plating solutions, 
their efficiency remains practically constant, and they have a 
much longer life than barrels made of the other materials. 


The barrel efficiency can be ascertained by plating a load of 
known weight and area for a given period of time at an observed 


9 











amperage, re-weighing and calculation of the efficiency ac- 
cording to Faraday’s law. 

After we have taken care of the total current and the barrel 
efficiency, there are only two variables left, namely, total area 
of work and time. 

The problem of obtaining the desired average thickness of 
plate thus resolves itself into reading the total current drawn 
by the barrel, reducing it to actual plating current by multi- 
plying by the barrel efficiency, then choosing a combination of 
time and total area of work which will give the desired thickness 
of plate. After this has been done, the weight of work can be 
calculated from the area per pound of work, which is equal to 
the number of pieces per pound multiplied by the measured 
area per piece. 

Suppose, for example, that a certain barrel draws 300 amperes 
and is 80% efficient. This leaves us 240 amperes for plating. A 
0002 in. cadmium deposit requires about 135 effective ampere 
minutes per square foot. Such a deposit can be obtained by 
plating 25 square feet of work for 14 minutes or 100 square feet 
for 56 minutes. 

We can see immediately that the problem is not quite that 
simple. Beside the remaining basic problem of providing the 
same amount of plate on all the pieces in the load, there are 
two other limiting factors, namely: 


1. The total weight of the load. 
2. The bright plate range of the solution. 


Suppose that in our example the area per pound is 0.7 square 
feet. With 25 square feet in the cylinder, we get a load of 36 
pounds which is alright from a weight standpoint. With 100 
square feet we get a load of not less than 143 pounds. That is 
too much. Loads weighing more than 100 pounds generally 
shorten the life of the barrel, open up joints and invite treeing. 
Remember that the temptation to overload is particularly great 
when long barrels, more than 30 inches are used. 

The second limiting factor is the bright plate range of the 
solution. 

The actual current density in a plating barrel is very hard to 
determine with any degree of accuracy, because only part of 
the load is plating at one time. A number of experiments with 
different types of work indicate that an average of one-third of 
a proper barrel load is being plated at one time. Thus the average 
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current density calculated on the total load should be about 
one-third of the current density used in a still tank. This current 
density in its turn can be varied within the bright plate range of 
the solution, which of course depends on the composition, both 
in regard to metal and brightener content. With too low a cur- 
rent density on the pieces that are actually plating, below the 
bright plate range, the work comes out with a dull finish. With 
too high a current density, the pieces come out with burnt edges. 


If we go back to our example we find that the actual current 
density on the 25 sq. ft. load is 3 x 240/25 = 29 amp./sq. ft. 
and on the 100 sq. ft. load 3 x 240/100 = 7 amp./sq. ft. One is 
too close to the ordinary upper limit, and the other to the or- 
dinary lower limit of the bright plate range. 


From the standpoint of labor and overhead, it is advisable to 
put as large a volume of work into the barrel as the barrel will 
hold. The size of the load, however, is limited by several factors. 
I have already discussed two of them, the total weight of the 
load, and the bright plate range. The third limiting factor, the 
tendency for uneven plate distribution when the load exceeds a 
certain size leads us to the second main problem in figuring 
the load. 


How to Obtain the Same Amount of Plate on 
all Pieces in a Load 


The tendency for uneven plate distribution becomes evident 
if we consider that only a portion of the load is being plated at 
one time. The pieces in the center are not in the path of the 
current but are very efficiently shielded and do not get any plate 
until they have moved into a position where the current has 
access to them. The bigger the load, the less is the probability 
that all the pieces will come into such a position for the same 
length of time during the limited plating period. When the 
average thickness has reached the desired value, it is not evenly 
distributed but some parts have too much plate and others too 
little. 

The maximum load which will roll properly and take evenly 
distributed coatings is determined by the shape of the pieces 
and the number of pieces in the load. Balls and cylinders naturally 
roll the easiest. Stampings may roll or slide or both. Light flat 
pieces which cling to one another and pieces like open-wound 
coil springs form lumps. Such parts do not roll or slide at least 
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part of the time. As the tendency to roll increases, a larger 
volume of work can be put into the barrel. 
I have been looking for a‘single expression of this tendency 
to roll, for the purpose of using it in my calculations. 
I have not been able to reach any final answer, and should 
therefore appreciate any suggestions which you may make. 
I have considered these expressions: weight per piece, weight 
per bulk volume, and area per weight. 


The weight per piece is one factor of importance because 
while a ball weighing 4 oz. certainly does not roll any different 
from one weighing 8 oz., the greater number of small balls de- 
creases the possibility of all of them getting the same amount of 
plate. The next expression, weight per bulk volume (by this I 
mean the weight which can be put in a container of certain 
volume), does apply to some extent. Tightly wound springs 
certainly take up less space and weigh more per bulk volume 
than loosely wound ones, and they also roll better and nest less. 
On the other hand, cup shaped steel stampings have a greater 
bulk than the blanks they are stamped from, but I am afraid 
that the stampings generally are easier to barrel plate than an 
equal weight of blanks. 


I have used a third expression, namely, area per weight as a 
guide to the right size of the load. It does not cover everything, 
but has proved to be of very great value. Heavy, solid material 
which rolls well has a relatively small area per pound. Light 
gauge steel stampings have a larger area per pound and do not 
roll as well. Wire products of light gauge material have still 
larger area per pound and roll still worse as a rule. If we take 
work of similar shape, such as large balls and small balls, the 
former have the smallest area per pound and as there are less of 
them in a certain weight load, the chance for unequal deposits 
is also less. Take another example, such as steel stampings of 
similar shape. The smaller the stampings, the greater is the 
number per pound and the less is the probability that all pieces 
in the load get the same amount of plate. And the small stamp- 
ings have a larger area per pound than the big ones, because the 
edges of the small stampings will figure more prominent in our 
calculations, or the stampings are thinner. 


On the basis of these facts, we have to modify our method of 
calculating the average thickness deposited on the load, so as 
to include the effect of varying area per weight. This is done 
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very simply by standardizing the total area plated in the barrel. 
By using the same total area for all kinds of work, the weight of 
the load will increase when the square feet per pound decreases, 
and decrease when the square feet per pound increases. The 
current density will be proportional to the effective current and 
the time will vary with the effective current. 

We have found that 40 sq. ft. is a suitable area for the ordinary 
30 in. barrel. With the effective current varying between 200 
and 300 amperes, the average current density calculated on the 
load becomes 5 to 8 amperes per square foot and the effective 
current density as calculated on the part of the load that is 
actually plating 15 to 24 amperes per square foot, which is suit- 
able current density falling within the bright range of the so- 
lution. The time varies in the opposite direction, namely, 27 
to 17 minutes for a .0002 in. deposit, which is most commonly 
used. A suitable time cycle can always be arranged within these 
limits. If heavier deposits than .0002 in. are desired, increase 
the time proportionately but leave the size of the load alone. 

I will give just two examples to illustrate the method. Suppose 
it is desired to plate .0002 in. cadmium on work having an area 
of .4 sq. ft. per pound in a barrel giving a total amperage of 
300 and having a barrel efficiency of 80%. This gives us an 
effective amperage of 240 amperes. 40 sq. ft. of work is equal to 
40/.4 = 100 lbs. and the plating time is 135/240 = 23 min. 

40 

Suppose we want a .0003 in. deposit on work having an area 
of 1.5 sq. ft./lb. in a barrel drawing 400 amperes at 70% 
efficiency. The effective amperage is 280 amperes. 40 sq. ft. 
of work is equal to 40/1.5 = 27 lbs. and the plating time 
135 x 3/280 = 29 min. 

2 40 


I should mention that the above calculations are based on 
barrel speeds of 5-8 r.p.m. While higher speed probably makes 
it possible to use larger loads, it also shortens the life of the 
barrel. 


I have distributed two charts which are helpful in figuring 
loads. One gives the area for various sizes of nuts and bolts and 
the other gives the area per weight of sheet metal stampings 
of ordinary steel. 











AREA OF ROUND STOCK AREA OF BOLT HEAD TOPS 


Unthreaded Threaded Length Square Hexagonal 
Dia. 5q. in. Sq. 1M. of side head Head 
Inches in length in length Inches 5q. in. Sq. in. 


1/16 1.1963 343 1/16 .0039 0102 
3/32 2945 516 1/8 0156 10405 
1/8 3927 688 3/16 0352 (0905 
5/32 4909 860 1/4 10625 163 
3/16 5890 1.03 5/16 (0977 254 
7/32 6872 1.21 3/8 (1406 
1/4 ‘7854 1.38 7/16 (1914 
9/32 8836 1.55 1/2 25 
5/16 ‘9817 1.72 9/16 3164 

11/32 1.080 1.89 5/8 3906 
3/8 1.178 2.06 ‘4727 

13/32 1.276 2.23 / 5625 
7/16 1.374 2.41 6602 

15/32 1.473 2.58 / 7656 
1/2 1.571 2.75 ‘8789 

17/32 1.669 2.92 1 1.0000 
9/16 1.767 3.09 1.129 

19/32 1.865 3.26 1.266 
5/8 1.963 3.43 1.410 

21/32 2.062 3.60 / 1.562 

11/16 2.160 3.78 1.723 

23/32 2.258 3.96 1.891 
3/4 2.356 4.13 2.067 

25/32 2.454 4.30 2.250 

13/16 2:553 4.46 2.442 


\| 


—~ 
= 
woe Ss 
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27/32 2.651 4.63 / 2.641 
7/8 2.749 4.80 2.848 
29/32 2.847 4.98 3.062 
15/16 2.945 5.15 
31/32 3.043 5.32 
1 3.142 5.50 











AREA OF CIRCLES AREA OF CIRCLES 


Dia. Inc. Area sq. in. Dia. Inc. Area sq. in. 


1/16 .00307 9/16 .2485 
3/32 .00690 19/32 .2769 
1/8 01227 5/8 3068 
5/32 01917 21/32 3382 
3/16 02761 11/16 3712 
.03758 23/32 .4057 
.04909 3/4 4418 
06213 25/32 -4794 
.07670 13/16 5185 
09281 27/32 5591 
1104 7/8 .6013 
1296 29/32 .6450 
1503 15/16 .6903 
1726 Su/s2 .7371 
1963 1 .7854 
.2217 

















AREA OF BOLT HEAD SIDES IN SQUARE INCHES 
1/16 1/8 3/16 1/4 5/16 3/8 7/16 


0039 = .0078 0117 0156 .0195 .0234 .0273 
0078 = .0156 .0234 .0313 .0391 .0469 .0547 
0117) = 0234 = .0352. 0469 = 0586 =. .0703' —s_- .0820 
0156 §=.0313 =.0469 §=.0625 .0781 .0938 .1094 
0195 =.0391 =.0586 §=.0781 3=6.0977,_—s 1172S 1367 
0234 .0469 .0703 .0938 .1172 .1406 .1640 
0273 .0547 + =.0820 =.1094_ = 1367 Ss .1640— .1914 
0131 =.0625 = .0938 = .1250—Ss 1563 1875 ~— 2188 
0352 .0703 =.1055 .1406 .1757  .2109 = .2461 
0391 0782 .1172 =.1564 = =.1953. 2344 = .2735 
0430 .0860 .1289 .1719 .2148 .2578  .3008 
0469 .0938 .1406 .1875 .2344 .2812 .3281 
0508 1016 .1524 .2032 .2539 .3047 8.3554 
0547 = =.1094 1641 = 2188 = .2734 3S 3281 = .3828 
0586 .1172 .1752  =.2344 = .2930-—S «3515 ~—-«.4101 
0625 .1250 = 1975) 2500S 3125S 3750 = 4375 


9/16 5/8 11/16 3/4 13/16 7/8 15/16 


0463 .0391 .0430 .0469 .0508 .0547 .0586 
0703 .0782 .0860 .0938 .1016 .1094 .1172 
1055 1172, 1289's 1406) 1524) 16411752 
1406 .1564 .1719 .1875 .2032 .2188 .2344 
3758 486.1953 § 6.2148 86.2344. 2539 2734 290 
2109 = .2344 =.2578 ~=.2812,—s 3047) = .3281—S .3515 
2461 = =.2737,—S 3008 = 3281S 3554 = 3828 ~—s «4101 
2813 =.3125 = 3438 )=— 3750 = 4063S «4375 — «4688 
3165 = .3516 =.3867) = 4218 ~=— 4572S 4922 ~— 5273 




















3516 .3906 .4297 4688 .5078 .5469 .5859 
3867 4297 .4727 5156 §=.5586 = .6016—s 6.445 
4218 .4688 =.5156 = 5625S «6094 = 6563 ~—.7031 
4572 = =.5078 = .5586—_ 6094 = «6602 = 7110 —Ss .7617 
4922 .5469 .6016 .6563 .7110 .7656  .8203 
5273 .5859 66445 = .7031—Ss 7617 ~— 8203 —s «.8789 
5625 .6250 .6875 .7500 .8125 = .8750 = .9375 








ROUTINE SHEET 
‘The charts are used as follows: 


Bolts 


. The diameter of the threaded part is measured at the top 
of the threads. The length of the threaded part is measured. 
The area of the threaded part is read in the table “‘area of 
round stock, threaded’’. 

. The diameter and length of the unthreaded part are meas- 
ured. The area of the unthreaded part is read in the table 
*“‘area of round stock, unthreaded”’. 

. The length of the side of the bolt head is measured.: The 
area of the top is read in the table “area of bolt head tops’’. 
This figure is doubled to take care of the opposite side of 
the head and the end of the bolt. 
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AREA PER WEIGHT OF ARTICLES MADE OF SHEET STEEL 














Thickness 
U. S. Sid. Fractional Decimal Sq. Ft. 


Gage Inches Inches Per Lb. 











3 1/4 25 20 
4 15/64 234375 213 
5 7/32 21875 228 
6 13/64 203125 246 
7 3/16 1875 267 
8 11/64 (171875 291 
9 5/32 (15625 320 

10 9/64 140625 356 

11 1/8 125 400 

12 7/64 109375 457 

13 3/32 09375 532 

14 5/64 (078125 637 

15 9/128 (0703125 709 

16 1/16 0625 800 

17 9/160 05625 885 

18 1/20 05 1.000 

19 7/160 04375 1.136 

20 3/80 (0375 1.333 

21 11/320 034375 1.449 

22 1/32 03125 1.587 

23 9/320 (028125 1.754 

24 1/40 025 2.000 

25 7/320 (021875 2.273 

26 3/160 (01875 2.632 

27 11/640 (0171875 2.941 

28 1/64 (015625 3.226 




















. The length and the height of the bolt head are measured. 
The area of one bolt head side is read in the table marked 
accordingly. Multiply this figure by 4 for square heads 
and by 6 for hexagonal heads. 

. Add the final figures of the calculations in 1, 2, 3 and 4 
and you have the total area of the bolt in sq. in. 

. Weigh one pound of bolts and-count the number of bolts 
in one pound. Multiply the number of bolts per pound by 
the area per bolt in square inches, and divide by 144. This 
gives the area in sq. ft. per pound. 


Nuts 


. The length of the side of the nut is measured. The area 
of the top is read in the table marked “area of bolt head 
tops’. This figure is doubled. 

. The length and the height of the nut are measured. The 
area of one side of the nut is read in the table marked 
“area of bolt head sides”. Multiply this figure by 4 for 
square nuts and by 6 for hexagonal nuts. 
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. Measure the large diameter of the hole and the height of 
the nut. The area of the threaded hole is read in the table 
‘‘area of round stock, threaded”’. 

. Measure the diameter of the hole and read its area in the 
table ‘“‘area of circles”. Multiply by two. 

. Add the final figures of the calculations in 1, 2, and 3 and 
subtract 4, and you have the total area of the nut in sq. in. 

. Weigh up one pound of nuts and count the number of 
nuts in one pound. Multiply the number of nuts per pound 
by the area per nut in sq. in., and divide by 144. This 
gives the area in sq. ft. per pound. 


Stam pings 


. Measure the thickness of the stamping at 4 points. Add 
the measurements and divide by 4. This gives the average 
thickness. The sq. ft. per pound is obtained directly in the 
table “‘area per weight of articles made of sheet steel’’. 

. Area of edges varies with the shape of the work and should 
be added to the above figure, at least when the thickness 
is greater than 18 gauge or the work is very small. 


COST ESTIMATE SHEET FOR BARREL PLATING 








Cadmium metal cost per pound of work 
sq. ft. per pound of work x 1/100*x $ 

Other chemicals % of metal cost 
Barrel capacity per hour 
Direct labor per barrel per hour 
Overhead per barrel per hour 

Total per barrel per hour 
Ball burnishing per lb. 
Sand blasting per lb. 
Other extra operations per lb. 

Total plating cost per lb. 

% for selling and administrative expense 


% for profit 
Selling price per lb. 








*At .0002” deposit 
Figuring The Cost 


Knowing the cost of a job is important, both in the manu- 
facturing plant and in the job shop. It is the only means of keep- 
ing costs down in an intelligent way, that is, without sacrificing 
quality. It is also the only way of arriving at a sales price which 
will leave a margin of profit. 
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In order to determine the cost and the sales price we have de- 
veloped a cost estimate sheet. The calculations are extremely 
simple if.the loads have been figured accurately. The routine for 
the use of this sheet is as follows: 

The metal cost is figured separately. The square feet per 
pound has already been determined. As .01 lb. of cadmium will 
cost one square foot of work with .0002 in., one multiplies the 
sq. ft./lb. by one-hundredth of the price of cadmium per pound 
and gets the cost of cadmium per pound of work. Heavier 
coatings cost proportionally more. 

Other chemicals include cyanide, cleaner, acid, etc. Most 
work in a plant is given approximately the same thickness of 
plate. As both the metal consumption and the cost of other 
chemicals is proportional to the surface treated, this latter cost 
can be expressed as a percentage of the metal cost. If twice as 
thick a coating as normal is applied, the percentage is reduced 
to one-half of the normal, and vice versa. 

On the line marked “barrel capacity per hour” enter the 
number of pounds of work one barrel can plate in one hour, 
figuring on one certain job only. As we have already seen, the 
productive capacity varies greatly. On nuts and bolts and any 
material of solid weight and comparatively small surface, the 
average barrel load will run 75 to 100 lbs. On stampings, the 
average load will run from 25 to 50 lbs. 

On the next line put “labor per barrel per hour’’. If you have 
a force of men doing nothing but barrel plating, simply divide 
their hourly wage by the number of barrels that they can op- 
erate. If the men are operating other plating equipment too, 


allocate their wages according to the gallinage of the plating 
tanks. 


The item of overhead is in many cases the largest individual 
item of the estimate. Therefore, it is absolutely essential that 
it be accurately figured. You take your monthly costs for-super- 
vision, rent, power, and light, water and gas, repairs, deprecia- 
tion, insurance, share of boiler room expense, share of general 
factory expense and miscellaneous expense, and divide it by the 
number of hours which you expect to operate during the month. 
If this cannot be predicted, it is wise to use the number of op- 
erating hours during the last month. The figure you have now 
is apportioned over the various tanks according to gallonage. 
This gives the desired “overhead per barrel per hour’. 
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sé 


Add the labor and overhead together and divide the total by 
the “barrel capacity in pounds”. Extend the answer under the 
metal and other chemical costs. 


The cost of ball burnishing, sand blasting, etc. is figured 
separately. 
Add the costs of metal, other chemicals, labor, overhead and 


extra operations together. The total represents the plating cost 
per pound. 


Add a percentage for selling and administrative expense. 
Finally add a percentage for profit, and you have your selling 
price per pound. 


Barrel Plating Versus Plating in Still 
Tanks and Automatics 


When we consider both quality and cost, we find that there 
are many kinds of work which should not be barrel plated, but 
racked and plated in a still tank or an automatic machine. 


Pieces weighing more than a pound should not be barrel 
plated as a rule. The barrel will hold only a very limited number 
of pieces and the steady pounding shortens the life of the barrel 
and panels. 


Large, light pieces, such as mop heads, not only taxes a large 
volume in the barrel, but do not roll properly and consequently 


do not receive a uniform deposit. Still plating gives much better 
results and costs less. 


I remember a job that nearly drove me crazy, plating of 
corset stays in a barrel. My calculations indicated that 20 lbs. 
would make a suitable load. As soon as we went above 12 lbs. 
the stays started to nest, badly. No plate was obtained in the 
center portion. Even with 10 lb. loads we had to put on an aver- 
age thickness of more than twice the desired thickness to get 
decent coverage on the center. After trying several kinds of 
barrels and experimenting with the contacts, we gave up in dis- 
gust, and still plated instead. 


Deeply recessed work is not adaptable to barrel plating. The 
throwing of the solution is lessened when operated in the barrel. 
It should be remembered, however, that lack of throwing power 
is often more apparent than real and caused by insufficient 
cleaning in the recesses. Electrocleaning in baskets is most 
effective when the baskets have a small diameter, and expose a 
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large surface to the current. Cleaning by tumbling is better 
still, if done correctly. 

I have just one more thing on my mind, and that is the most 
important of everything. Test the plate thickness at frequent 
intervals. The calculations will show the way, but the tests prove 
that your calculations are correct and that the quality of your 
product is up to standard. 


THE DECOMPOSITION OF CYANIDE SOLUTIONS* 
By R. M. Wick 


Bureau of Standards 
Read at the Philadelphia Convention, 1932 


I. Introduction 


One of the objections to the use of cyanide solutions in electro- 
plating is the fact that they decompose more rapidly than acid 
plating baths, and hence require frequent additions of cyanide. 
At the same time carbonate is formed and its concentration 
may increase to a point where it must be removed. The purpose 
of this investigation was to determine what chemical reactions 
cause the decomposition, and what means might be used to 
retard such reactions and thereby reduce the rate of loss of 
cyanide. Details of the experiments will be published later in 
the Bureau of Standards Journal of Research. 


II. Possible Chemical Reactions 
1. Hydrolysis: 


The salt, potassium cyanide, is formed when hydrocyanic 
acid is neutralized with potassium hydroxide. However, hydro- 
cyanic acid is (chemically) a very weak acid, and potassium 
hydroxide is a strong base. Hence the resultant salt, when 
dissovled in water, is partly decomposed, that is, hydrolyzed, 
so that the solution contains a little free alkali and free acid. As 
the former is stronger, the solution has an alkaline reaction, as 
is well known. The chemical reaction is written: 

KCN + HO = KOH + HCN ~ 


potassium _ potassium hydrocyanic 
cyanide + water hydroxide bs acid 


This equation indicates that the reaction may take place in 

either direction, according to the respective concentrations. 
When the concentrations of all four substances have reached 

certain values, the decomposition stops. If, however, either the 


*Publication Approved by the Director of the Bureau of Standards of the U. S. Department 


of Commerce. 
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potassium hydroxide or hydrocyanic acid is removed, more de- 
composition occurs. The fact that hydrocyanic acid is very 
volatile and escapes from the solution is evident from the odor. 
Contact with air, which contains some carbon dioxide, causes 
the hydroxide to be converted to carbonate. 


2KOH + CO2 = K2COs + H.0 (2) 
potassium hydroxide + carbon dioxide = potassium carbonate + water 


Both these processes cause the decomposition of more cyanide. 


2. Ammonia Formation: 


A special type of hydrolysis occurs with cyanides, especially 
at higher temperatures, and results in the formation of ammonia 
and formic acid (or a formate). The reaction is as follows: 


KCN + 2H20 = COOK + NH; (3) 
potassium cyanide + water = potassium formate + ammonia 
It is well known that the odor of ammonia is often detected above 
cyanide solutions. 


III. Rates of Decomposition 


The following experiments were made with potassium cyanide, 
but undoubtedly similar results would be obtained with sodium 
cyanide. The initial concentration was 0.5 normal, which cor- 
responds to 32.5 g/1 or 4.3 oz/gal of potassium cyanide, and 
represents roughly the average concentration of free cyanide 
in various plating baths. The solutions were analyzed at the 
beginning and end of each experiment by methods already 
published. The results are conveniently expressed in “‘equiv- 
alents” of each constituent. By adding these equivalents, a 
“material balance” may be kept, which serves as a check on the 
reactions and the analyses. For example if a solution is originally 
0.5 N in KCN, and later contains 0.25 N KCN and 0.25 N 
K2COs, it is evident that the carbonate formed is exactly equiva- 
lent to the cyanide decomposed. 


1. Atmospheric Exposure: 


It was found that when a solution of potassium cyanide was 
exposed to the air in a shallow vessel at ordinary temperature, 
(25°C or 77°F), about 70% of the cyanide was decomposed in 10 
days. The amount of carbonate formed was almost exactly 
equivalent to the loss of cyanide. 


1 Bureau of Standards Journal of Research, 7, p. 913; 1931, R. P. 384. 
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2. Accelerated Tests: 


In order to study the various reactions it was desirable to 
hasten the decomposition. This was accomplished by bubbling 
air through the solutions, which were kept at constant tem- 
perature. In each experiment, 425 liters (15 cu. ft.) of air was 
passed through 100 ml (3.5 fl. oz.) of 0.5 N potassium cyanide 
in 20 hours. The Air, which contained the usual amount of 
carbon dioxide, passed successively through bottles containing 
(1) KCN sample A; (2) diluted hydrochloric acid to absorb any 
ammonia formed in (1); (3) strong sodium hydroxide to absorb 
any hydrocyanic acid liberated in (1) and any carbon dioxide 
not absorbed in (1); and then (4) KCN sample B, followed by 
similar absorbing solutions. The change in composition of 
sample A represented the effort of air containing carbon dioxide, 


and the change in B represented the effect of air free from car- 
bon dioxide. 


A large number of such experiments led to the following 
conclusions: 


1. The extent of the hydrolysis increased as the temperature 
was raised. At temperatures up to about 45°C (about 
115°F), the carbon dioxide of the air converted into car- 
bonate all of the hydroxide formed by hydrolysis. If the 
carbon dioxide was first removed from the air, the solution 
after aeration contained hydroxide corresponding to the 
loss of hydrocyanic acid carried out by the air. These 
results show that the decomposition is caused by hydro- 
lysis, but is accelerated both by the absorption of carbon 
dioxide and by the expulsion of hydrocyanic acid. 


. Above 45°C (about 115°F) decomposition with the for- 
mation of ammonia also occurs, and above 65°C (about 


150°F), it is one of the principal causes of the loss of 
cyanide. 


IV. Means of Retarding the Decomposition 
1. Avoid Agitation: 


As the decomposition is so greatly accelerated by aeration, 
which introduces carbon dioxide and removes hydrocyanic 
acid, it is evident that cyanide solutions should not be agitated 
with air, and in fact should not be stirred more than is necessary. 
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2. Avoid High Temperatures: 


As shown in Fig. 1, the rate of decomposition increases rapidly 
above 45°C (about 115°F), which is the maximum temperature 
for operation if economy of cyanide is important. 


3. Add Alkali: 


Just as the removal of potassium hydroxide hastens the de- 
composition, its addition retards the decomposition. For ex- 
ample, it was found that by adding potassium hydroxide equiv- 
alent to 20% of the cyanide, in this case 0.1 N KOH, that is 
5.6 g/l or 0.7 oz/gal, the decomposition in 20 hours at 25°C 
(about 75°F) was reduced from 7.5 to 1%, and at 45°C (about 
115°F) from 12 to 3%. At or above 65°C (about 150°F) the 
addition of alkali has less effect, because then the reaction form- 
ing ammonia predominates and is not directly influenced by 
the concentration of alkali. 

Whether the addition of alkali to plating baths will be other- 
wise advantageous must be determined by experiments with 
each bath. Free alkali is always present in large amounts in 
zinc and cadmium plating baths; and sometimes in small amounts 
in copper and brass baths, but seldom if ever in silver baths. If 
it is found to be not otherwise objectionable, an addition of 
alkali will greatly reduce the loss in cyanide and will yield a 
saving corresponding to the difference in the respective prices 
of potassium hydroxide and cyanide (or of the sodium com- 
pounds). It will also lead to uniform operation of the baths with 
less frequent adjustments or additions and will permit operation 
at higher temperatures and current densities. Experiments are 
planned to determine the effect of hydroxide in silver baths. 


BARREL PLATING WITH DUOZINC SOLUTION 
By F. F. Oplinger 
Roessler & Hasslacher Chemical Co. 
Read at the Philadelphia Convention, 1932 

The rustproofing of small steel parts used in many industries 
with zinc frequently presents a serious problem to the manu- 
facturer. This mainly because a wide divergence of opinion 
exists even among well informed persons as to the best means to 
be employed for doing such work. 

There are now in use in the industry five different processes 
for the rustproofing of small parts with Zinc, namely— 
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Hot galvanizing 

Sherardizing 

Metal spraying 

Electro galvanizing from acid solutions 
Electro galvanizing from cyanide solutions 


A complete description and comparison of the merits of all 
these processes is beyond the scope of this paper. We will, there- 
fore, confine ourselves to a discussion of the plating of small steel 
parts in cyanide solutions. 

The main requirements of a zinc deposit are: 


1. It must ne adherent. 

2. It must be uniform in thickness. 

3. It should have a pleasing appearance. 
4. It must be rustproof. 


Through the intelligent use of cyanide solutions and the 
DUOZINC Process all of these requirements may be fulfilled. 

The main advantages which may be enjoyed through the use 
of the DUOZINC Process are: 


1. Throwing Power 


With proper operating conditions exceptionally good throw- 
ing power is obtained. I have actually seen recessed articles on 
which the thickness of the metal on the inside was equal to that 
on the outside. This phenomena is due not only to the inherent 
good throwing power of cyanide solutions in general, but is also 
for a large part due to current efficiency characteristics. 

Zinc cyanide solutions of moderate concentration may vary 
quite widely in cathode efficiency, depending on the cathode 
current density used. Using a still solution of the following 
composition and operating conditions: 


Zinc Cyanide 5 oz/gal. 

Sodium Cyanide 3 oz/gal. 

Caustic Soda 4 oz/gal. 
Anodes: DUOZINC 1% Hg. 

Ratio of Anode to Cathode area = 2 tol 

E. M. F. 3.5 — 4.5 volts 


Temperature of solution 40° — 50° C. 
Cathode efficiencies were very accurately determined at 20 
and 30 A/SF. The following results were obtained: 
Average Cathode Current 
Eff. @ 20 A/SF for 48 expts. — 93.9% 


Average Cathode Current 
Eff. @ 30 A/SF for 48 expts. — 75.2% 
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A decrease in efficiency of 18.7% was obtained by simply 
raising the cadmium current density from 20 A. to 30 A/SF. 

In the plating of recessed articles the recessed portion of the 
work will always have a lower cathode current density than the 
exposed portion. If, for example, as may frequently be the case, 
the recessed portion is being plated with a cathode current 
density of 10 A/SF and the exposed portion with a cathode 
current density of 40 A/SF, it is obvious, due to the difference 
in current efficiency at such current densities, that the thickness 
of metal on the recessed portion may be practically equal to the 
amount on the exposed portion. 

The unusually good throwing power of the cyanide solution 
is accounted for therefore by first, the well known throwing 
power common to alkaline solutions and, second, to the dif- 
ference in current efficiencies at varying current densities. 

Consideration of these facts calls our attention to a factor not 
usually considered in making up plating solutions, and that is, 
that the choice of the solution composition and operating con- 
ditions, mainly cathode current density should in part at least, 
be guided by the shape and size of the article to be plated. This 
factor applies of course, mainly to still solutions. 


2. Corrosion Resistance 


When real corrosion resistance is desired one of the simplest 
and most practical means of obtaining it is through the use of 
the DUOZINC Process. This is due in part to the uniformity 
of thiskness of coating which may be obtained and as well as to 
the resistance of the coating to severe atmospheric corrosion 
conditions. 

A larger variety of tests conducted by disinterested parties 
shows the excellent protection afforded by this coating. Actual 
results obtained are as follows: 


Weight of Time Exposed 

Coating Before Rusting 
0.06 130 days 
0.11 230 days 
0.13 270 days 


Accurate weight losses determined over periods of a year or 
more show that a coating of DUOZINC exposed to sea coat in- 
dustrial atmospheric conditions will lose weight at the rate of 
approximately 0.1 ox/SF/yr. For general purposes, therefore, 
coatings of 0.2 oz/SF or approximately 0.0003” thickness will 
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withstand severe atmospheric corrosion conditions for a mini- 
mum period of 1} years, without showing rust. 


Low Cost 


An interesting fact, not generally recognized is that the cost 
of the metal deposited for any given thickness is frequently no 
more, and at times actually less, than the cost of the current 
required to deposit. A thickness of coating of 0.0003” or 0.177 
oz. over 1 sq. ft. surface costs, $0.0009 figuring 8.5¢ for the cost 
of the anode and the current required to deposit it at 4¢/KWH 
cost $0.0010. The total metal and current cost for rustproofing 
a larger surface such as, for instance, an automobile rim having 
an area of 8 sq. ft. is $1.5¢. This is indeed a very low figure. 

However, in most electroplating processes the main items of 
expense are labor and overhead. Through the use of the 
DUOZINC process labor and overhead are kept at a minimum 
in that frequent adjustment of solutions, anodes and methods 
of replenishing is unnecessary. 


Appearance 


With proper operating conditions and the use of very small 
amounts of mercury normally incorporated in DUOZINC 
anodes, deposits having an excellent appearance may readily 
be produced. 


Adherence 


Alkaline cyanide mixtures aside from their usefulness in com- 
pounding plating solutions are good cleaning solutions. It is 
obvious therefore that through the use of such materials in con- 
nection with zinc plating excellent adherence may be obtained. 

The purpose of this paper is to explain in detail the simplest 
methods for obtaining satisfactory results with a DUOZINC 
Solution in plating barrels. 


Choice of Solution 


In attempting to solve the problem, one of the first and most 
important things to take into consideration is the composition 
of the solution. A Zinc Cyanide solution is, in general, somewhat 
different from many other plating solutions, in that slight changes 
in composition may, or may not, have a decided influence on the 
quality and character of the results obtained from it. Commer- 
cial grades of zinc, even of the highest purity obtainable, always 
contains impurities, the effect of the presence of which must not 
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be neglected in attempting to get the best results from this kind 
of a solution. It is a well-known fact to the refiners of zinc 
metal that the presence of certain impurities in the refining solu- 
tion has a very definite effect on the efficiency of such solutions. 
It was only after the effects of these impurities were recognized, 
and the difficulties caused by them were overcome, that the 
electrolytic production of high grade zinc at low cost was made 
possible. 

Likewise, certain impurities have definite effect in Zinc 
Cyanide plating solutions. To date, not a great deal of reliable 
information on this subject is available. The need for careful 
work along these lines is obvious. It is the writer’s contention 
that in the past, in many instances, where zinc cyanide solutions 
have failed to give results, one of the main reasons for this was 
the failure on the part of the operator to recognize the real 
cause of the difficulty; as a result of which, the solution may 
have been condemned as being unreliable and unworkable. It 
is not the purpose of this paper to point out the effects of all the 
impurities which may be present, but rather to suggest practical 
means for obtaining reliable and satisfactory results. 

It is interesting to note that although zinc may exist in solu- 
tion either as zincate and as the double cyanide, neither of these 
solutions are as satisfactory for plating as is a mixture of the 
two. 

A zinc solution which contains only zinc cyanide and sodium 
cyanide, that is a double cyanide solution, has very poor cathode 
efficiency, is highly non-conductive and in it, zinc anodes in- 
sulate to the extent that at normal voltage (6.0 — 12.0) no cur- 
rent can be passed thru the solution. Without the addition of 
caustic soda, forming sodium zincate, the solution remains 
almost un-ionized. 


Zinzate solutions, containing no cyanide are too highly 
ionized and deposits produced are dark colored and spongy. 
Such solutions lack throwing power and deposits are frequently 
non-adherent. The addition of Sodium Cyanide resulting in the 
formation of complex salts eliminates this difficulty and reduces 
the concentration of zinc ion to a point at which satisfactory de- 
posits can be obtained. 


We, therefore, now have three materials, the presence of 
which is absoluetly necessary for producing satisfactory results. 
They are, Zinc Cyanide, Sodium Cyanide and Caustic Soda or 
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Potash. Examination of the literature will show a large number 
and variety of published formulae. Some call for the use of such 
materials as Chlorides, Fluorides, Sulfates, together with a 
variety of organic materials used as addition agents. Zinc forms 
soluble complex salts with many compounds. We believe that 
the composition of the Zinc Cyanide solution, or for that matter 
any other plating solution, should be kept as simple as possible 
so that the functions of the various ingredients may be definitely 
known and scientifically controlled. We will, therefore, confine 
ourselves to a discussion of the functions of the ingredients 
named above. 

The first thing to consider is the zinc cyanide content. 
The zinc cyanide acts mainly as a reservoir for the zinc metal 
in solution; but its concentration also has an effect on the ef- 
ficiency of the solution. Past experience has shown that a solu- 
tion whose zinc cyanide content is less than 4 ounces per gallon 
or thereatouts has under normal operating conditions a current 
efficiency of probably no more than 60 to 80% at the cathode, 
and in some instances where the sodium cyanide content is too 
high, even a great deal less than that. It is quite likely that 
zinc cyanide solutions have been operated with efficiencies of 
no more than 20 to 30% at the cathode. For barrel plating pur- 
poses, where it is desirable to have a high current efficiency, 
the minimum quantity of zinc cyanide which should be used 
is 5 ozs. per gallon. Excellent results have been obtained be- 
tween 5 and 8 ozs. per gallon. There seems no reason for going 
higher than 8 ozs. per gallon because above that point efficiency 
of the solution is not increased by further addition, and the 
operation of the solution becomes expensive because of drag- 
out losses. The zinc cyanide content may vary therefore between 


5 and 8 ozs. per gallon depending on individual needs. and re- 
quirements. 


The next ingredient to be taken into consideration is the 
sodium cyanide content. The sodium cyanide content has a 
very definite effect on the cathode efficiency. In fact, as is well 
known, if the sodium cyanide content is too high, little or no 
zinc will be deposited at the cathode. Obviously, therefore, the 
sodium cyanide content should be kept at the lowest figure at 
which good results can be obtained. For general purposes, the 
safe rule to follow is not to allow the free sodium content at any 
time to become greater than the zinc cyanide content. In fact, 


28 





for most purposes, it should be considerably lower. When the 
zinc cyanide content is low, say around 5 ozs. per gallon, the 
free sodium cyanide content should be no more than 3 ozs. per 
gallon. When the zinc cyanide content is as high as 8 ozs. per 
gallon, the free sodium cyanide content may be allowed to in- 
crease to 5 ozs. per gallon. 


The selection of the proper Caustic Soda content is also of 
vital importance. Zinc cyanide solutions having a high caustic 
soda content are very efficient at the cathode; even at high 
current densities; for example—60 to 80 amperes per square 
foot—cathode current efficiencies of 90 to 95%, may readily be 
obtained if the free sodium cyanide content is not too high. In 
deciding on the proper caustic soda content to be used, there are 
other factors aside from efficiency which must receive some 
consideration. Solutions too high in caustic soda content when 
hot, are very corrosive and have bad effects when in contact 
with wood, bakelite and other materials commonly used in 
plating barrel construction. Also there is frequently some ob- 
jection on the part of the operators who are forced to work with 
solutions having too high a caustic soda content because of the 
danger of burns to the hands, face, etc. and because of the 
extra precautions which must be taken to thoroughly rinse the 
work. It is advisable therefore, to have the caustic soda con- 
tent at the lowest possible figure, at which high current efficiency 
can be obtained. For most barrel plating solutions satisfactory 
results can be obtained with the caustic soda content varying 
between 4 and 6 ozs. per gallon. In most cases where high cur- 
rent efficiency is of lesser importance, lower caustic soda con- 
centration may be used. 


For general purposes and as a basis for starting operations 
on any products, the following solution is recommended: 


Zinc Cyanide 6 ozs. per gallon 
Caustic Soda i” Gas 
Sodium Cyanide Se 


Depending on the type of results which are desired the zinc 
cyanide content may vary between 5 and 8 ozs. per gallon, 
sodium cyanide content between 3 and 6 ozs. per gallon, and 
the caustic soda content between 5 and 7 ozs. per gallon. 


So far as I am aware, there is only one addition agent which 
has ever been used with any degree of success in zinc cyanide 
solutions, and that is mercury, the value of which is more or 
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common knowledge. Its specific major advantages are:— 

. The bad effects of small amounts of impurities such as 
Pb, Cu, etc. are all off-set by the use of small amounts of 
Hg so that deposits having uniform white color may be 
consistently obtained. 


2. Deposits are harder and less subject to wear by abrasion. 
. Tendency to water and air stains are decreased. 


. Control of solutions is simplified by the use of small amounts 
of Hg in the anodes whose composition is approximately 
duplicated in the deposit. 

(a) Plain zinc anodes dissolve appreciably on remaining in 
contact with the solution when it is idle. Sodium cyanide 
content is thereby decreased and the metal content of the 
solution builds up. DUOZINC anodes are less soluble in 
alkaline solutions, consequently there is less change in 
composition when solutions are idle. Also due to the 
greater solubility of the zinc anodes it is frequently nec- 
essary to change the anode areas of the solution and sub- 
stitute steel anodes in order to maintain a definite solution 
composition. This difficulty is eliminated by the use of 
Duozinc anodes. 


Plain zinc anodes, during operation, frequently insulate 
to the extent that at given voltage the amperage will drop 
quite appreciably during a day’s run. In general practice 
sodium cyanide must be added to remove the insulation. 
The result is that the solution becomes unbalanced and 
frequently the solution must be diluted in order to keep 
it with the desired limits. With Duozinc anodes, con- 
stant voltages may be maintained. 

The use of Duozinc anodes insures that the percentage of 
mercury in the deposits is almost identical with that in 
the anodes. Where plain anodes and mercury salts are 
used, there is real danger of producing deposits containing 
as high as 5 to 10% mercury, as the latter will deposit 
more rapidly than zinc. The only safe and economical 
way to use mercury is in the form of Duozinc anodes. 


With the proper operating conditions and solution composi- 
tion excellent results may be produced with the use of very small 
amounts of mercury only. In fact, the necessity of using large 
amounts of this material as an addition agent is a definite indi- 
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cation that operating conditions, or solution composition, 
should be corrected. When Mercury-Zinc anodes are used only 
infrequently need additions of Mercury to the solution be made. 
The times at which such additions may be necessary are usually 
on Monday mornings, or after a prolonged shut-down. 

In addition to having the proper solution composition it is 
also highly essential that the proper type of equipment should 
be used. In fact, the selection of the proper type of equipment is 
of as great importance as that of the solution composition. This 
because no matter what the solution composition is, if the 
equipment is faulty good results cannot be obtained. I feel 
justified at this point in saying that in general there is consider- 
able room for improvement in the field of barrel plating equip- 
ment. Some of the conditions under which zinc cyanide and 
other plating solutions have in the past been operated are de- 
plorable, to say the least. The following is a good illustration: 

A certain firm has purchased material for the operation of 
a 500 gallon zinc cyanide solution. After experimenting with 
their solution and equipment for a period of several months, 
and after having spent several thousand dollars on this propo- 
sition, I was finally allowed to see the plant in operation. The 


equipment they had for barrel plating may be described briefly 
as follows: 


1. A wooden tank, 500 gallons capacity. 

2. A plating cylinder composed of 2” planks having only a 
few holes distributed over the surface of the cylinder, 
none of the holes being larger than would permit the en- 
trance of a lead pencil. The surface of the holes or voids 
were probably no more than 3 to 5% of the total barrel 
area. 

The barrel was very large and capable of holding anywhere 

from 400 to 600 lbs. of work. 

Upon examination of the current facilities it was found that 
they were using 6 volts and obtaining about 200 amperes. A 
little calculation reveals the fact that they were plating with a 
cathode current density of probably no more than Y to % an 
ampere per square foot of surface. Under these conditions they 
could not hope to get even more than a thin deposit in less than 
5 or 6 hours. With an acid zinc solution situated next to the 
cyanide solution, using the same type of equipment, a plating 
time of from 12 to 14 hours was used for each barrel load. 
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Under such conditions it is obvious that production costs are 
very high and that the art of electroplating in general, due to 
the use of such conditions, is discredited. Other instances, 
almost as bad, could be cited. 


One of the most important features of the barrel plating equip- 
ment is the construction of the plating cylinder. During the 
past two years tremendous improvement in the construction of 
such plating cylinders has been effected. Cylinders made of 
wood and ordinary Bakelite are not too satisfactory for use in 
alkaline solutions. This is particularly true where barrel loads 
are large and the work is heavy. Today the material best suited 
for this purpose has been found to be rubber covered steel. 
Rubber covered cylinders have now been in use on a heavy pro- 
duction basis for a period of approximately two years. Such 
cylinders, when properly constructed, will last a great deal 
longer than either wood or Bakelite. Also, the cost of construc- 
tion of such cylinders is not prohibitive. Probably the main ad- 
vantage of such cylinders is not due to the fact that they last 
a long time, but rather to the fact that they can be constructed 
so as to have a very large percentage of voids. 


Two types of such cylinders are now in use. One resembles the 
squirrel cage, in which instead of using ordinary panels, rubber 
covered steel rods are used. It is, of course, necessary to have 
the rods close enough so that the work will not fall thru. With 
this type of plating barrel very high amperages are obtainable 
at normal voltages. I have actually seen such a barrel in opera- 
tion in which 800 amperes were obtained at 8 volts. Such a 
barrel cylinder is, of course, not adapted for the plating of very 
small parts, such as small screws or small nuts and bolts. But, 
where larger parts are plated the advantages of the use of a 
cylinder of this type are obvious. This, mainly because at least 
twice as much metal can be deposited in any given time, as 
with the type of plating barrel commonly used. Another type 
of cylinder now being used consists of a sheet of steel bent in the 
form of a barrel cylinder, which has been perforated with as 
many holes as possible and afterwards covered on both sides 
with rubber. To date hard rubber has been found to give the 
best results for this purpose. Such a cylinder should, of course, be 
made with very small holes for plating very small parts and with 
larger holes for plating larger parts. 

It is recommended that horizontal barrels when used in 
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zinc cyanide solutions should be made from rubber covered 
steel. Also, the holes in the barrel cylinder must be large enough 
to permit the free passage of current to the extent that approxi- 
mately 10 amperes are obtained for each pound of work in the 
barrel. Under such conditions excellent results may be obtained. | 
Deposits of a thickness sufficient to meet ordinary requirements 
can be obtained in some 20 to 30 minutes. 

In addition to the proper solution compound and operating 
conditions to use, it is of equal importance to know and be 
aware of the problems which may be encountered. A brief dis- 
cussion is given below: 


1. Deposits from zinc cyanide solutions are frequently dark 
colored and unsightly, due mainly to the presence of various 
impurities in all grades of commercial zinc. 


The writer has personally seen on more than one occasion de- 
posits from zinc cyanide barrel plating solution when used in 
certain types of equipment which were very dark colored and 
unsightly. This even from freshly prepared solutions, made up 
with good quality chemicals, composition of which was def- 
initely known. In some cases so far as could be determined, there 
was nothing wrong with any of the operating conditions or with 
the methods of procedure or composition of the solution. Still, 
only dark colored deposits could be obtained. Very likely, 
many platers have had similar experiences. Usually, it is claimed 
that the Caustic Sodacontent of the solutions is too high and that 
it is impossible to get satisfactory results from solutions con- 
taining as high as 3 or 4 oz./gal. Caustic Soda. This conclusion 
is erroneous. The Caustic Soda content has little or nothing to 
do with the production of such results. 

The following will help to explain the reasons for such re- 
sults. When a piece of zinc is put in contact with steel or mal- 
lable or cast iron an alkaline cyanide solution, an electrolytic 
cell is set up in which the zinc becomes the anode and the steel 
or cast iron becomes the cathode. If this is done in a warm alka- 
line cyanide solution, considerable evolution of hydrogen at the 
steel takes place. Some of the older and some of the new type of 
barrel plating equipment is so made that a considerable portion 
of the mechanism used in its construction is beneath the surface 
of the plating solution. 

Likewise in some cases, the work in the cylinder which has 
been zinc plated, is in direct contact with the steel or cast iron 
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mechanism thru the lead in which the current enters the plating 
barrel. In such cases, the minute the current is shut off, the work 
which has been zinc plated becomes the anode and the steel or 
cast iron mechanism becomes the cathode and the result is that 
the plated work comes out of the solution badly stained and dis- 
colored in spite of every precaution which can be taken to the 
contrary. The writer recalls several instances in which this is ex- 
actly what happened and it was impossible to produce a satis- 
factory result even with brand new solution prepared under the 
most careful conditions. For this reason, we state that a great 
deal of care must be taken in selecting the proper type of equip- 
ment for doing barrel plating. Several of the new types of Bake- 
lite plating barrels do not present this difficulty and so far as 
appearance and color of deposit is concerned, entirely satis- 
factory results can be obtained without difficulty. 


2. Cathode Efficiency 


The second difficulty which is of importance has to do with 
the slow speed of deposition which is often claimed for zinc 
cyanide solutions. There is no question but that in many solu- 
tions used in the past, the metal has deposited very slowly due 
to the poor efficiency of the solution. It is a fact that the effi- 
ciency of zinc cyanide plating solution may vary from anywhere 


between zero to 99% depending on the composition of the 
solution. 








In general, it is common practice to add cyanide to cyanide 
solutions when the color of the deposits is not all that may be 
desired. Great care should be exercised in adding cyanide to 
zinc cyanide plating solutions, and when this is done only a very 
small amount should be added at any given time, because the 
slight changes in free cyanide content have a decided effect on 
the current efficiency of the solution. In any barrel plating 
solution the anode efficiency is usually quite high, that is 90% 
or more. If, therefore, the free sodium Cyanide content of any 
given solution is materially increased the cathode efficiency 
will drop to, say 60 or 70% and the result will be that there is a 
rapid increase in the metal content of the solution. For most 
barrel solutions it is unnecessary to have a free sodium cyanide 
content of more than three, or possibly four, ounces per gallon, 
and in many instances excellent results may be obtained with as 
low as two ounces per gallon. This is, of course, true only when 
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the caustic soda content is in the neighborhood of four to six 
ounces per gallon so that the solution has the proper conduc- 
tivity. With proper control of the free cyanide and caustic soda 
content there is no reason why a zinc cyanide solution cannot be 
operated with high current efficiency, that is, in the neighbor- 
hood of 90 to 93%. Theoretically, one ampere will deposit 
1.219 grams of zinc in an hour. This is equivalent to 0.043 ozs. 
per square foot or 0.00007 inches. Calculating on the basis of 
90% efficiency for a zinc cyanide solution we find that deposits 
0.0002” or 0.118 oz/SF may be produced in 18 minutes with an 
average current density of 10 H/SF. Such deposits are adequate 
for ordinary rust protective purposes. 


3. Solution Temperature 


The third difficulty frequently claimed concerning the op- 
eration of a zinc cyanide solution is that it must be heated. It 
is quite true that zinc cyanide solutions do not give the best re- 
sults at low temperatures, say 50 to 70 degrees F., and it is ad- 
visable, especially during the cold winter months, to warm the 
solution to, say 80 to 90 degrees F. before operations are started. 
However, once operation has been started the solution need not 
be heated for the remainder of the day. 

Warming solutions increases the conductivity and current 
efficiency. It also serves as a means for improving the color of 
the despoits. Solutions which give very poor results when cold 
will sometimes give greatly improved results by simply raising 
the temperature. The necessity for running the solution at a 
high temperature in order to get satisfactory results is an in- 
dication that solution composition or operating conditions are 
incorrect. Also, at high temperatures excessive amounts of 
sodium cyanide are consumed. 


4. Rinsing 

Excellent rinsing facilities must be provided, that is, after the 
work is removed from the plating solution plenty of cold water 
should be available for rinsing it. If it is not properly rinsed the 
work may become badly stained due to failure to remove all 
of the caustic soda. 


5. Plating Cast Iron 


The fifth difficulty mentioned is that of plating malleable or 
cast iron. Zinc cyanide solutions, either plain zinc or DUOZINC, 
are not recommended for the plating of malleable or cast iron. 
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The difficulties which are met with when this is attempted are 
well-known and need not be explained here. 


Recommendations 
The DUOZINC solution is highly recommended for the plat- 


ing of small steel parts in barrels under the following conditions: 
Solution Composition:— 


Zinc Cyanide 6 oz./gal. 
Sodium Cyanide 3 oz./gal. 
Caustic Soda 6 oz./gal. 


Anodes:—DUOZINC 
P. W. S. Base — 1% Hg. 


Ratio of Anode to Cathode Area 
Anode surface should in general always be as large as possible. 
Cathode Current Density 


The highest possible amperage should be used. Barrel loads 
in regular type 36” horizontal barrels should be operated gen- 
erally with no less than 400 amperes. Heavy material such as nuts 
and bolts should be plated using no less than 8 or 10 amp./Ib. 

Light stampings require 5 to 10 amp./lb. Small parts such as 
screws may require as high as 15 amp./Ib. 


E. M.F. 


Generally 8 to 12 volts are required to give the desired 
amperage. 


Temperature of Solution 


Solution capacity should be large enough so that solutions 
in full operation do not overheat during hot summer months. 
For regular size cylinders solution should contain no less than 
150 to 250 gallons. Temperatures of from 90° to 110° give ex- 
cellent results. 


Time of Plating 


Under conditions as specified, deposits adequate for general 
rustprotective purposes may be obtained in 20 to’30 minutes. 


Speed of Rotation 


Four to six R.P.M. is sufficient. Higher speed decreases 
cathode efficiency. 


Construction of Plating Cylinder 


Plating cylinders are constructed preferably of rubber covered 
steel. Perforated panels or steel rods may be used. The largest 
possible percentage of voids should be used at all times. 
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Oblique Barrels 


The oblique type of barrel is not used as widely as the horizon- 
tal type of barrel for electroplating. The larger sizes can however, 
be used to good advantage for DUOZINC plating. This is 
particularly true where a wide variety of material must be 
plated. 

As previously explained, the production of very dark colored 
deposits is frequently in horizontal barrels due to the work be- 
coming the anode after the current is shut off. With the oblique 
type of barrels this difficulty is entirely eliminated, and in gen- 
eral the color of deposits can be maintained by the use of anodes 


containing 1% of mercury. Addition of mercury to the solution 
need seldom be made. 


THE PROTECTIVE VALUE OF 
ELECTROPLATED COATINGS 


Joint Research of American Electroplaters’ Society 
American Society for Testing Materials 
and Bureau of Standards. 
Progress Report of Joint Inspection Committee 
Read at the Philadelphia Convention, 1932 


DR. WM. BLUM: Introduction. The chief purposes of this 
investigation are (1) to determine the relative protective value 
of electroplated coatings of different metals with definite thick- 
nesses and methods of preparation; and (2) to determine the 
value of accelerated laboratory tests as a means of predicting 
and specifying the quality of such coatings. The research may be 
divided into three principal parts. (1) the preparation of the 
samples, (2) exposure tests, and (3) accelerated and other 
laboratory tests. Of these phases (1) is completed, (2) is in pro- 
gress and (3) is just being started. The work has thus far been 
confined to steel as the base metal. Subsequently, if conditions 
permit, the investigation will be extended to plated coatings 
on other base metals such as copper, zinc, aluminum, and their 
alloys. 

II. Preparation of Specimens 

The conditions used for plating the specimens have been 
presented to both cooperating societies and were published in the 
Monthly Review of the American Electroplaters’ Society for 
May, 1932. Mimeographed copies of his report may be obtained 
on request addressed to the Bureau of Standards. 
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Some of the experiences encountered in the plating of these 
samples will be reported to the 1932 Convention of the American 
Electroplaters’ Society by their Research Associate, P. W. C. 
Strausser. 


III. Exposure Tests 


1. Installation. The exposures were started in six locations 
on the following dates in 1932: Washington, D. C. (Bureau 
of Standards) February 5; Key West, Florida (Naval 
Station) February 17; Sandy Hook, N. J. (Fort Hancock) 
April 13; New York, N. Y. (Bell Laboratories), April 14; 
Pittsburgh, Pa. (Brunot Island), April 27; and State 
College, Pa., April 30. 

In each location 96 sets of five samples, that is 480 specimens, 
were exposed on racks facing south, at 30° from the horizontal. 
The racks are in locked inclosures and free from disturbance or 
damage. The expenses for labor and material required forinstalla- 
tion were paid by the A. S. T. M., except for those materials 
donated by cooperating firms. 

2. Inspection. The samples were inspected at intervals of 
two weeks for the first two months and will subsequently 
be inspected at monthly intervals or possibly bi-monthly. 
The inspections are being made principally by members of 
the Joint Inspection Committee or by substitutes desig- 
nated by them. Most inspections have been made by at 


least three persons. Other interested persons may be 
present at these times. 


At every inspection each specimen is given a numerical rating 
based entirely on presence and extent of rust. (Any marked 
changes in appearance, such as spots, stains or blisters, are noted, 
and may be included in the final evaluation of the coatings). 
The numbers have the following significance: 


Approximate extent 


Rating No. of area rusted 


5—Perfect, no rust 
4—Very slight rust 0-5 
3—Decided rust 10-20 
2—Very evident rust 20-50 
0—Badly rusted 50-100 
This scale is conventional and approximate, but the results 
of different observers are generally consistent, especially if on 
each occasion a preliminary inspection is first made to define 


the ratings in terms of a few typical samples. Most of the dis- 
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crepancies that have occurred in the interpretation of stains that 
may or may not represent rust. In some cases such stains wash 
off in subsequent heavy rains, and hence later ratings may be 
better than earlier ones. To avoid such anomalous results, an 
effort is made to base the ratings only the extent of indisputable 
rust. The ratings are made independently and then compared. 
No changes are made unless an observer then finds that he has 
overlooked some rust spots, or has misinterpreted stains. ° 


The average rating (R) for each set at a given inspection is 


entered in a book. The mean of this and the previous rating 
(R1 + R2) 


—————— represents the average rating for the period. This is 
( 2 ) 

multiplied by the number of weeks between inspections, to yield 
the score for the period (S). The sum of the successive scores 
gives the total score (T), which is an approximate measure of the 
protective value of the coating, when the test is carried to com- 
pletion, i. e., to a zero rating. This system may be illustrated 
by the following data for typical nickel specimens at Key West. 


Typical Ratings at Key West 








Set X 





Period 
Elapsed R Mean 
Date Weeks R 


2/17/32 0 
2 9. 
16/7 2 
2 3/7 9. 
2 6. 

5/24/32 5/4/7 16. 

TOTAL 13 6/7 49. 13.1 











These results show that Set “Y” failed completely in about 
6 weeks, and that its final total score is only 53.1. Set X has a 
total score of 49.5 for nearly 14 weeks with a present rating of 3, 
and a probability of lasting many weeks longer before complete 
failure, with a corresponding increase in score. 

3. Results. The inspections to date have shown that the 
five specimens of each set in a given location are remarkably 
uniform in their behavior, and seldom differ from each 
other in rating by more than one point. It is too soon to 
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draw conclusions regarding most of the specimens, es- 
pecially in the less severe locations, after a comparatively 
short exposure. Failure developed rapidly at Key West on 
thin coatings of nickel or chromium. The same sets are 
also failing, but less rapidly, in other locations. These 
results fully justify the conclusion that for severe con- 
ditions of exposure thin coatings of these metals furnish 
very little protection against corrosion. 


IV. Accelerated Tests 


Preliminary tests are now being made by \P. W. C. Strausser 
and A. Brenner to select and define accelerated tests that may 
serve to predict and specify the quality of plated coatings. Such 
tests as yield reproducable and promising results will then be 
applied to the reserve sets of specimens that were prepared at 
the same time as the exposure specimens. From these results it 
is hoped to determine what correlation exists between accelerated 
tests and actual exposures under typical conditions. 

The study will include (1) porosity tests; (2) accelerated cor- 
rosion in (a) salt spray, (b) intermittent immersion, (c) aerated 
solutions, (d) high humidity, and (e) artificial atmosphere con- 
taining carbon dioxide and sulphur dioxide; and (3) tests to de- 
termine the average thickness and the distribution of the coat- 
ings. It is hoped to complete these laboratory studies within the 
next year and to compare the results with those of the atmos- 
pheric exposures up to that time. 


EXPERIENCES IN THE PLATING OF SAMPLES 
FOR EXPOSURE TESTS* 


By P. W. Strausser 


Research Associate of The American Electroplaters’ Society 


Read at the Philadelphia Convention, 1932 


I. Introduction 


The American Electroplaters’ Society and the American So- 
ciety for Testing Materials are now cooperating with the Bureau 
of Standards in a study of the protective value of plated coatings. 
The present program includes deposits of nickel, copper, chro- 
mium, zinc and cadmium on steel. During the past year the 
plating of about 7000 specimens was completed, and about 


*Publication approved by the Director of the Bureau of Standards of the U. S. Department 
of Commerce. 
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3000 of these have been exposed in six localities. The remainder 
will be used in various laboratory tests. 


The conditions employed in preparing these samples have 
been summarized in a report published in the Monthly Review 
for May, 1932; and the progress made in the exposure tests has 
been reported to the Convention by Dr. Blum. The purpose of 
this paper is to describe some of the experiences and difficulties 
encountered in plating these specimens, and to give the reasons 
for selecting the conditions used. For details, the published re- 
ports should be consulted. 


II. Preparation of the Steel 


1. The Base Metal. The base metal was cold-rolled strip steel 
with a good finish, comparable with that obtained by good 
polishing, and undoubtedly more uniform than could have 
been obtained by the polishing of individual pieces. No 
polishing wag done, as the effects of polishing were not in- 
cluded in this investigation. A small proportion of the steel 
had imperfections such as rolling streaks, some of which 
were visible only after the plating. All such samples were 
rejected. 


. Cleaning and Pickling. As the steel had been coated with 
grease to prevent corrosion, it was first cleaned with organic 
solvents. Cathode electrolytic cleaning was then applied, 
followed by a light scrubbing with a brush wet with an 
alkaline cleaning solution. This scrubbing was helpful in 
producing uniform cleaning and adherence. 


A brief dip in 10% sulphuric acid did not produce sufficient 
etching of the steel to insure good adherence, as measured in 
bending tests and Erichsen extrusion tests. Pickling for two 
minutes was effective, though it had scarcely any visible effect 
on the polished steel. (The same result could no doubt have 
been obtained with a very short dip in stronger acid, but the op- 
eration would have been more difficult to control.) 


When the above procedure was used prior to depositing zinc 
or cadmium from cyanide solutions, blistering of the deposits 
occurred on standing or if the plates were heated in the air to 
115° C (250°F). As this blistering was presumably caused by 
the escape of hydrogen from the steel, it seemed desirable to 
expel this hydrogen prior to the plating. This was done by 
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hanging the pickled steel in the hot alkaline cleaning bath for 5 
minutes, without any current. No blistering was then encoun- 
tered. The hydrogen could no doubt have been expelled by 
hanging the pickled specimens in boiling water, in which how- 
ever corrosion would have occurred more rapidly than in the 
alkali. 

III. Plating Conditions 


1. Thickness and Distribution of Deposits. A rack was de- 
signed to hold 6 specimens in such a way that each specimen 
received the same weight of deposit, and that the deposit 
was practically uniform over the surface of each plate. This 
was accomplished by allowing the metal strips of the rack 
to receive the high current densities that would otherwise 
have prevailed on the edges of the specimens. After a few 
trials, the desired result was accomplished. Under each set 
of conditions, at least 12 weighed samples were plated and 
reweighed. The results showed that the maximum de- 
viation from the mean weight was less than 5%, and the 


average deviation was about 2%. The plates of each 
set were therefore very uniform. 


The distribution of the coatings was determined by micro- 
scopic examination of cross-sections of typical plates. The re- 
sults showed that at the edges the coatings were about 50% 
thicker than the mean thickness, but that over the rest of the 
plate the variation was less then 10% from the mean. Thicker 
deposits were intentionally produced at the edges in order to 
protect the latter during buffing. As will be noted, this effort 
was only partly successful. 


2. Effective Cathode Efficiencies. The time required to produce 
any desired thickness of a given metal depended upon the 
current density and the cathode efficiency with which the 
metal was deposited on the plates. As above noted, the 
current density on the edges of the racks was higher than 
the average current density on the plates. Hence the 
“effective current efficiencies’, determined by weighing 
the plates in trial runs, were slightly less than the actual 
current efficiencies of the baths under the conditions used. 
The following values, which are probably about 5% lower 
than the true efficiencies, were used to compute the re- 
quired plating periods: 
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TABLE I. 
Apparent Cathode Efficiencies 








Efficiency Efficiency 
Metal Bath per cent Metal Bath per cent 
Nickel E 85 Zinc N (cyanide) 
# F (low pH) 75 Ks O (+ Hg) 
Copper __L (cyanide) 50 i P (acid) 
. M (acid) 95 Cadmium R 
Chromium I. 12 - S (+ gulac) 
2 T (Ni xX gulac) 











3. Buffing. As it was necessary to buff most of the nickel 
deposits and some of the others, it was important to select 
uniform conditions of buffing. Fortunately the steel had a 
high finish, and therefore little buffing was required. Most 
of the buffing was done by three persons, who determined 
the buffing losses at intervals. The results showed that the 
average losses by the three operators were very concordant, 
and that the maximum loss was not more than 20% above 
the average loss. As shown in Table 2 the average buffing 
losses were usually small. In general, it was necessary to 
remove more metal to produce a bright surface on thick 
than on thin deposits, and hence the percentage losses were 


fairly constant. In all cases the plating period included an 
allowance for the buffing losses, so that the deposits had 
the specified average thickness when finished. 


TABLE II. 
Average Buffing Losses 








Coating Loss 








Finished Per cent 
Thickness oz/sq. of de- 
Metal in. g/dm? ft. posit Remarks 


0.0005 0.06 
.001 





High temperature 
Low pH 
Ni on Zn! 
Ni on Zn? 
Cyanide 
Acid 
Prior to Cr 
Prior to Cr 
4 Cr on buffed Cd 
.003 Cr on buffed Zn 


1 Zinc coating dried before nickel plating — 
2 Zinc coating kept wet before nickel plating 
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Microscopic measurement of buffed nickel deposits showed 
that the buffing loss was fairly uniformly distributed, except on 
the edges, some of which were cut through, which fact was con- 


firmed in the exposure tests. Any rust on the edges was there- 
fore disregarded in the inspections. 


After buffing, the samples were cleaned with carbon tetra- 
chloride to remove all buffing grease. 

4. Materials used. The chemicals and anodes used in this 
study were analyzed and were found to be of high purity 
and to meet the accepted specifications in all cases where 
specifications were available. The baths were analyzed 
when they were prepared and at appropriate intervals, 
and additions were made as required. In general the con- 
centrations of the major constituents were kept within 
10% of those stated in the formulas listed in the pre- 
viously published report. 


5. Nickel Plating. 


(a) Pitting. Some pitting was observed in the standard nickel 
bath (E) that had been freshly prepared and filtered. 
An addition of about 1 M1/1 (0.13 fl. 0z./gal.) of 3% hy- 
drogen peroxide overcame this difficulty, which did not 
reappear in over a month’s regular operation of this bath. 
More pitting was encountered in the low pH bath (F) and 
large additions of hydrogen peroxide were required to eliminate 
it. No direct cause of the pitting was determined. It may have 
been caused or fostered by organic matter derived from filter 
paper or from the cloth bags at first used to surround the anodes 
but subsequently discarded. 


(b) Low pH solutions. Even after the above mentioned 
pitting was overcome there was a tendency for the for- 
mation of streaked deposits at a low pH under the con- 
ditions first tried. Good deposits (Set 7) were obtained by 
raising the temperature from 50° to 60°C (122° to 140° F) 
and reducing the current density from 47 to 37 amp/sq. 
ft. (The same conditions were used for set 4 in solutions 
with the customary high pH). 

(c) Nickel Plating on Zinc and Cadmium. It was found de- 
sirable to use fairly high concentrations of both nickel 
sulphate and sodium sulphate to produce uniform nickel 
deposits. To avoid streaks, the bath was kept below 
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25°C (77°F) and the plates were connected to the cathode 
before they were introduced in the bath. It was also found 
that the nickel deposit was smoother and easier to buff 
(see Table 2) if the zinc coating was not allowed to dry 
before it was introduced into the nickel bath. 

. Chromium Plating. No difficulties were experienced in 
producing fairly bright chromium deposits on bright steel 
or nickel surfaces. On buffed zinc or cadmium, however, the 
chromium deposits were dull and required buffing. 


7. Copper Plating. 


(a) Cyanide Bath. Satisfactory deposits were obtained pro- 
vided the specified content of free cyanide was main- 
tained. This required more frequent additions of cyanide 
than did the other cyanide baths. Evidently copper was 
dissolved at an appreciable rate when the copper anodes 
stood in the solution with no current passing. 

(b) Acid Bath. This bath yielded satisfactory deposits and 
required very little attention. 


8. Zine Plating. 


(a) Cyanide Bath. As previously noted, blistering of the zinc 
deposits was observed unless the steel plates were heated 
in the alkali cleaner after they were pickled. When this 
precaution was observed, satisfactory deposits were 
produced. 

Cyanide Bath with Mercury. It was not found possible 
to control closely the content of mercury in the bath or 
the deposits. The mercury in the bath decreased rapidly 
from 0.35 g/l to 0.13 g/l, and in the same period the 
mercury in the deposits decreased from 3.1% to 1.2%. 
Evidently a large part of the mercury deposited upon the 
zinc anodes, even though they were removed from the 
bath when not in use. 

Acid Zinc Bath with Sodium Sulphate. Some difficulty 
was experienced with rough deposits, but was overcome 
by bagging the anodes. Some pitting was noted, and was 
prevented by shaking the cathodes at intervals. 

Acid Zinc Bath with Dextrin. There was also pitting in 


this bath, which was overcome only by shaking the 
cathodes. 
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9. Cadmium Plating. With no Addition Agent. The deposits 
produced from this bath were white and crystalline. 

(a2) With Gulac. This addition made the deposits much 
finer-grained. 

(b) With Gulac and Nickel. The further addition of 1 g/l 
of nickel sulphate produced brighter deposits, which were 
found to contain 0.015 per cent of nickel. 

10. Zinc-Cadmium Alloys. Not much trouble was experienced 
in producing, under the conditions specified, bright de- 
posits containing about 10% of cadmium. It was more 
difficult to produce deposits with a lower content, even 
when the bath contained less cadmium; and those in- 
tended to have 5% actually contained about 8%. De- 
posits with 14% of cadmium were obtained in baths with 
more cadmium, but they were not as bright as those con- 
taining 10%. The despoits at a low current density con- 
tained more cadmium than those at a high current density. 


IV. Inspection and Storage 

After all the samples of a set were plated, they were carefully 
inspected and those showing any defects such as flaws in the 
steel, blisters or deep scratches, were rejected. Thirty samples 
of each set were then selected at random for the exposure 
tests. On each of these, black paint was applied to cover the 
edge where the tab had been cut off, and also the stamped 
number. The specimens were wrapped in white filter paper to 
prevent scratching, and each set of five was wrapped in heavy 
waxed paper to prevent access of moisture. They were then 
stored in a case that was free from chemical fumes. The ef- 
fectiveness of these precautions is shown by the fact that when 
these packages were opened, in some cases over six months later, 
no evidences of corrosion were observed. A few of the specimens 
which included zinc or cadmium as intermediate layers de- 
veloped some blisters but were included in the exposure tests 
to determine whether the blistering increased, and whether it 
affected the resistance to corrosion. 
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ALUMILITE 


By H. Bengston, Chief Engineer and 
R. E. Pettit, Sales Engineer 


Aluminum Colors, Incorporated, Indianapolis 


Read at the Philadelphia Convention, 1932 


Everyone is familiar with aluminum and its many alloys, but 
information concerning the anodic oxidation of aluminum, the 
chemical and physical properties of the anodic film and ap- 
plication of the film to various forms of aluminum manufacture 
is indeed meager. It is the desire of the authors of this paper to 
present to those interested in the finishing of metal, or in the 
contemplation» of such work, a comprehensive story of the 
Alumilite or sulphuric acid anodic process, and at the same time 
to indicate why this process is becoming one of the major finishes 
for aluminum articles. 

Primarily, back of the many applications of aluminum in in- 
dustry, is the metal’s remarkable resistance to corrosion, ease of 
fabrication, electrical properties, weight and tensile strength. 

Many metals now in commercial usage have a remarkable re- 
sistance to natural and various forms of industrial corrosion. 
This property to withstand the destructive agencies of corrosion 


is the result, in part at least, of the formation of a protective 
coating. The reaction between the attacking medium, atmos- 
pheric or industrial influences, and the metal, forms an en- 
veloping film of such a nature as to greatly inhibit further 
disintegration. In many cases the protective coating is in the 
form of an oxide film, practically invisible to the eye, yet of 
sufficient strength to withstand continued attack. 


The most striking example of the protective value of a nat- 
urally formed oxide film on a metallic surface is that of alumi- 
num. This metal, which is widely known for its high resistance 
to natural corrosive influences, owes that resistance, in part at 
least, to an everpresent thin, but extremely hard, continuous 
and adherent film, presumably of chemical composition A1203 
aluminum oxide. 

It is worthy of note to call attention to the cap on the 
Washington Monument, located in our National Capital. This 
cap is a small pyramid of aluminum about 5 inches at the base 
and 9 inches high. The cap, cast in 1884 by a Philadelphia metal 
worker named Frishmuth, has been subjected to a continuous 
atmospheric attack for the past 45 odd years and is still in ex- 
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cellent condition. The value of the natural aluminum oxide 
film as a protective coating is clearly indicated in this example. 


The corrosion of metals, either through the media of at- 
mospheric or industrial agencies, has stimulated exhaustive in- 
vestigative efforts in the development of protective coatings. 
Whether the protective coating is in the form of an electroplate, 
paint film, or oxide coating, the coating must be considered, and 
rightfully so, one of the contributions of research towards the 
reduction of annual corrosion losses. 





The first requirement of a protective coating is that it be 
continuous—that it completely enclose the article to be pro- 
tected. In the case of corrosion, the corroding influence is limited 
to the protective coating, and as the protecting material can be 
selected to meet the specific condition, disintegration can be re- 
duced to a minimum. Such protective coatings as paint films, 
oxide coatings, etc., fall in this class. 


On the other hand, if the physical make-up of the coating 
allows the passage of an electrical current, the electro-chemical 
phenomena must be considered and the corrosion rate will be 
governed by variables relative to solution pressure, by the nature 
of the corroding agent and by the nature of the products of cor- 
rosion. Such protective coatings as zinc or cadmium on iron, 
and aluminum clad aluminum alloy material known as “‘Alclad”’ 
17 ST are examples falling in this class. 


The increasing demand for aluminum and its many alloys 
has required considerable attention to the art of surface prepara- 
tion. The use of aluminum in many industries has only been 
made possible through exhaustive study of surface finishing. 
Today there are many types of finishes applied to aluminum 
and the work of varying the aluminum surface is keeping pace 
with the increasing demand for this metal. Many coatings are 
applied to aluminum for the sake of surface appearance, where 
it is necessary to have a different color. Thus, aluminum can be 


used in places where its physical properties and economy make 
it otherwise advisable. 


Historical. 


The earliest references to an oxide film on aluminum is dated 


1857, and covers the work of Buff®. 
3 Lieb. Ann. 102, 269 (1857) 
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In 1904 Mott, Zimmerman and Corbino‘ conducted a series 
of measurements on film thickness. Gunther Schultz and his co- 
workers® in 1906 and 1907 studied the potential drop of the 
oxide film at the aluminum surface. 


Baristo and Mercer® in 1912 confirmed and substantiated the 
work of Gunther Schultz. 


Skinner and Chutt’ in 1914 announced the formation of a 
coating which they concluded to be Al20s. 


In 1917 Fitch® supported the work of Baristo and Mercer. 
Meserve’® in 1927 and Dunham” in 1929 both agreed with the 


work of Fitch. Dunham also made new measurements on film 
thickness and dielectric strength. 

In 1930 Lilienfield, Appleton and Smith" published the re- 
sults of their work. 

This investigation on the theory of film organization, the ex- 
planation of the potential drop in terms of work-function and 
the assumption that the film is composed of mono-molecular 
strata, each stratum containing one layer of bi-polar molecules 
in more or less organized condition, threw a new light on the 
anodic oxidation phenomena. Muller and Knopicky’* and 


Dobias and his co-workers** explain the insulating value effect 
of the film as a function of the electro-osmotic effect. 


The early investigators apparently were aware only of the 
dielectric properties of the anodic film. Bengough and Stuart, 
who developed the chromic acid oxide process in 1922-23, ex- 
tended the film to new uses. The commercial possibilities of the 
colored coating were first disclosed by Flick and covered in his 
patent of 1924. The development of the sulphuric acid com- 
mercial oxide film was a long and painstaking problem, the 
ultimate result of which is the Alumilite process. 


Commercial Practice. 


The shop procedure involved in Alumiliting is fairly simple 
and requires no technical knowledge, though such is an ad- 


4 Electrochemical Industry, 2, 446 (19) 
5 Ann. Physik 21, 929 (1906) ibid. 22, 343 (1907). Physikal Z. 23, 226 
6 Trans. Faraday Soc. 
7 Trans. Am. Electrochem, Soc. 26, 137 (1914) 
s Phys. Rev. 9, 15-28 (1917) 
9 Phys. Rev. 30 _—* 215-21 
10 Ibid. 33. (1929) 
11 Trans. Am. Electrochem. _ 58, 24 (1930) 
12 Z. phys. Chem., 141, 343 (1929) 
13 Z, po sh 61, 852 (1930) 


49 








vantage. Control of operation has been simplified until an opera- 
tor can quickly be shown the necessary manipulations. 

General shop practice is more involved, owing to the greater 
diversification of the work, than is that of a manufacturing 
plant where production is confined to a few designs. 

In Alumiliting, as in electroplating, the character of the sur- 
face treated will largely determine the finish of the resulting 
oxide coating. If a lustrous-colored surface is desired, the base 
metal must be equally well finished. When properly executed, 
the surface of the base metal is unchanged during electroplating. 
In the Alumilite process the surface is always etched, and will 
therefore show more or less of a crystalline structure after 
oxidizing. The etching effect may be very deleterious, especially 
upon sand castings which are high in copper, zinc or magnesium, 
leaving the surface very rough or pitted. Likewise defects, due 
to foreign matter in the metal surface, or blow holes in the 
castings filled by welding, are thereby exposed. The physical 
structure of the metal; as produced by the heat treatment or 


fabricating procedure, also affects the color and character of 
the finished surface. 


Sheet metal articles are often treated in the fabricated con- 
dition without any polishing operation. When lustrous finishes 
are desired, the surface can generally be cut down on a stitched 
canvas wheel using Tripoli as abrasive, and followed by buffing 
with a lime coloring composition. For the more severe polishing 
work sometimes required on stampings, forgings, die and per- 
manent mold castings, and sand castings, an oiling operation is 
used with 200 mesh emery as abrasive. Occasionally even coarser 
abrasives are necessary—especially on sand castings. The most 


desirable preparation for sand-castings, when permitted, is 
sand blasting. 


Only aluminum or its alloys can be used in rack construction. 
Due to electrolytic solution of other metals, and also because 
of the high electrical conductivity of the bath, the rack must 
exhibit valve action, or show some passivity. Racks of copper 
or brass construction would allow passage of current to the 
rack rather than to the aluminum articles carried, due to the 
resistance imparted to the surface of the latter by the initial 
oxide film formed. 35H, 43SH, and 17ST aluminum alloys can 
be used, depending upon the tensile strength desired. 

Many of our racks are formed from sheet metals. Others are 
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formed by bolting or clamping wires to aluminum spines. Mem- 
bers of heavy racks may be welded together. 

The currents carried are not large as compared to chromium 
plating requirements, yet contacts must be as firm; for if not, 
an aluminum oxide film may form between contacts and disrupt 
the current flow. 

Racks are protected in part by means of a special stop-off 
material, thereby effectively increasing their life. The stop-off 
material is applied over the anodically treated surface which 
gives superior bonding between the base metal and the stop-off 
material. 

Contact points must be renewed after each load by striping 
in dilute caustic solution to remove the otherwise insulating film. 


Cleaning is not as serious a problem as in electroplating, for 
since the process is anodic, it has considerable inherent cleaning 
action. Preferably, cleaning is done after racking. Heavy layers 
of grease are removed by an organic solvent. Mild cathodic 
cleaning may be used. A dip in hot dilute caustic solution re- 
moves thin films of oil or rolling film from the surface of the 
metal. This alone is used where very light oil has been used in 
fabrication. Vegetable drawing compounds are very practical, 
for they can easily be removed, being soluble in alkali cleaners. 
Where commercial cleaners are used they must be free from 
sodium silicate, often used as an inhibitor in aluminum cleaners. 


After rinsing, the aluminum is immersed as anode in the 
Alumilite bath, the lead tank lining being the cathode. Generally, 
contact with the work-rod closes the electrical circuit. The bath 
concentration is varied to a certain extent depending upon the 
character of the film desired. No attempt is made to control 
current density other than by a pre-determined voltage pressure. 
The operating voltage generally lies between 12 and 15 volts. At 
this pressure the current will average between 12 and 14 am- 
peres per square foot for the “A” bath and 8 to 10 amperes per 
square foot for the ““B”’ bath. Temperature too is pre-determined. 
For color work it ranges from 78-80° F. For the natural or plain 
finish the temperature may be dropped to 70° F. By varying the 
temperature, the hardness and porosity of the film may be 
varied, hardness decreasing, and porosity increasing with rise in 
temperature. Time of treatment is determined by film thickness 
desired—the latter being a linear function of the former within 
limits. 
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Agitation is used to promote uniformity in temperature 
throughout the anode electrolyte layer, thereby producing 
uniform films. 

After the anodic treatment, the work is immediately and 
thoroughly rinsed to remove any retained electrolyte. The pro- 
cedure thereafter may vary considerably. The articles treated 
may be left in the plain oxidized condition, or they may be 


colored with organic or inorganic colors, oiled, sealed, waxed, 
lacquered, etc. 


The coloring of Alumilite films consists briefly of immersion, 
while still wet after the anodic treatment, into dye baths con- 
sisting of water solutions of carefully selected aniline dyes. They 
may also be colored by a special procedure of formation of in- 
organic pigments within the pores of the coating. The latter 
colors are commercially sunfast, the former are not. Dye baths 
are of semi-permanent type, as contrasted with the one-batch 
bath used in textile work. Fresh dye is added to maintain a 
definite concentration. Baths must be controlled with respect to 
acidity by means of pH measurements. They are operated at 
170° F., being heated by steam coils. Compressed-air agitation 
is advantageous, and often necessary. 


One of the most important recent developments in the Alumi- 
lite procedure is the sealing treatment. This treatment effect- 
ively closes the pores of the film—preventing any further absorp- 
tion. Colored and uncolored films may be so treated. The film 
is thereafter resistant to oil, food stains, or other materials. 
Finger marking is thereby prevented. 


Most of the Alumilite work is done, at the present time, in 
still tanks; however, mechanical processes are possible. One full 
automatic unit for handling a multiplicity of small parts is under 
construction at the present time, and others are contemplated. 


There is in operation at our plant a 75-foot unit for automat- 
ically processing coiled stock in 700 foot lengths, one or more 
sheets at a time—depending upon width. Material is finished 
with or without color, oil or lacquer. 

Material so finished is used for fabrication. To make de- 
formation possible, it is necessary to anodize in the “B” bath—a 
high density solution—which produces a soft film. 

Still another piece of equipment is being developed, designed 
to process small articles such as screws, etc., in bulk. 
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Technical. 


From the technical and theoretical point of view, the 
Alumilite coating is primarily an oxide coating, Al2Og. It is more 
or less hydrated and contains more or less sulfate. It is formed 
in a solution essentially sulphuric acid and water, and con- 
taining a small proportion of inhibitor. The amount of water of 
hydration and the amount of sulfate present in the film de- 
pends largely upon the acid concentration and the temperature 
of the electrolyte. . 

Whatever the mechanics of film formation, from the prac- 
tical point of view the process consists of electro-chemical 
oxidation. The actual procedure is probably very complex. Ac- 
cording to various authorities, it involves the formation of 
aluminum sulfate which hydrolizes, forming aluminum hy- 
droxide. This deposits upon the anode, and is then peptized and 
compacted by the electro-chemical forces with the formation 
of the aluminum oxide. 

Heat measurements seem to indicate that the heat liberated 
is in excess of the amount which could possibly result from the 
power consumption. The bath itself has a very low resistance in 
all operating concentrations. The greatest resistance in the cir- 
cuit is at the film itself, and it is thought that this liberated heat 
plays a prominent part in the formation of the oxide. The source 
of some of this heat is undoubtedly the heat of formation of 
aluminum oxide. 

The physical and chemical properties of sulfuric acid in its 
various concentrations determine the results obtained upon the 
surfaces of aluminum or its alloys during electrolysis. 

Chemical activity of the electrolyte upon aluminum increases 
with increase in concentration. This is probably also true with 
reference to the oxide film during the formation process. Film 
growth is therefore a race between film formation and film so- 
lution in sulfuric acid. It is therefore evident how important this 
property of the electrolytic bath is. It means that there is a 
limit to the thickness of the film that can be formed—that after 
a period of time the rate of film formation is balanced by the rate 
of film solution. 

Conductivity of sulfuric acid varies with concentration, 
reaching a maximum at 30%. For a given current carrying 
capacity, the voltage must be varied, depending upon the con- 
centration. 
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One of the factors limiting the life of the electrolyte is the 
solubility of aluminum sulfate in sulfuric acid solution. After a 
bath becomes supersaturated with this material, it eventually 
reaches a condition such that the suspended sulfate interferes 
with film formation by settling upon horizontal surfaces and 
crevices. The method of operation largely determines the rate 
at which this condition is reached. It has been demonstrated 
that 100 gallons of electrolyte will process 6000 square feet of 
permanent mold casting surface—probably equivalent to 
10,000 square feet of sheet surface. 

As has been indicated, the Alumilite process utilizes various 
concentrations of sulfuric acid. Under normal operating con- 
ditions only certain ranges of concentration are adaptable. There 
is a middle range where etching or chemical attack is severe. 
Certain inhibitors modify the action of the acid in this range. 


At a given temperature of operation, the current density at 
constant voltage is a function of concentration. This is due to 
variations in conductivity of sulfuric acid depending upon con- 
centration. 

There is a range in the curve of film formation where film 
thickness is a linear function of time of treatment. 

The sealing treatments owe their effectiveness, in the one 
case, to a change in the physical structure of the film from an 
amorphous, or at least unresolved structure, to a definite crys- 
talline form; and in the other case, to the deposition of non- 
coloring chemical compounds in the pores of the film. 

The hardness of the film seems to be a function of the chem- 
ical activity of the electrolyte with respect to aluminum and 
aluminum oxide. Other factors being equal, the hardness in- 
creases with decrease in concentration. For a given electrolyte 
hardness of film increases with decrease in temperature. 

Subsequent treatments may vary film hardness. The sealing 
process tends to soften the film. Other treatments have been 
found to harden it. 

Certain alloying constituents of the base metal affect hardness 
of the film by introducing new components into the film. Also, 
tests indicate that the physical structure of the alloy affects 
film hardness. 

Corrosion resistance is a function of the uniformity of the 


metal surface which determines the degree of continuity of the 
film. 
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Corrosion Resisting Properties. 


Applications for Alumilite are as numerous as are the uses 
of aluminum and its alloys—perhaps more so, for it is making 
aluminum adaptable to uses for which it would not otherwise 
serve. 

The Alumilite film properly applied exhibits remarkable re- 
sistance to salt spray and atmospheric and chemical corrosion. 
The application of the oxide film to aluminum is a case of making 
a good corrosion-resisting surface better. Much depends upon 
the condition of the metal, which determines the quality of film 
obtained—other conditions of formation being correct. 

2S and 3S aluminum of good quality produces the best films. 
Silicon imparts good corrosion resistance to the film, and its 
alloys, such as No. 43, which is largely used for architectural 
castings, are therefore well protected by the Alumilite film. 

Metals such as Zn, Cu and Mg, when preserit in commercial 
quantities in alloys, result in porous films which are therefore 
less corrosion-resistant. 

The density of the alloy—freedom from pits, blow-holes and 
segregations—is also an important factor in corrosion resistance. 

For direct contact with many of the common chemicals, 
aluminum is an old standby with the chemist and engineer. 

While complete information is not yet available on the chemical 
corrosion-resisting properties of the sulphuric acid anodic film, 
such material as alkalies and mineral acids attack the film in 
varying degrees of rapidity. Salts which hydrolize, giving rise 
to acid or basic properties, show some attack upon the film, 
while the neutral salts do not attack the film. In general, the 
aluminum oxide film exhibits resistance to the same chemicals, 
though to a much greater degree than the natural aluminum 
surface. 

The freshly formed film is much less resistant to chemical 
attack than a sealed film. Through research work a method of 
quick artificial sealing of the film has been developed. The film 
so sealed exhibits properties many times more resistant to cor- 
rosion than the freshly formed film. 

Added resistance to chemical attack can be obtained by im- 
pregnating the film with various comparatively inert compounds, 
such as oil, waxes, silicates, etc., which are tightly held within 


the capillaries of the film and efficiently inhibit commercial cor- 
rosion. 
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Conditions surrounding the use of an individual chemical 
often govern the possibility of using oxide coated aluminum. A 
number of variable factors enter into the conditions of chemical 
corrosion. Those who contemplate the use of oxide coated alumi- 
num will always find it to their advantage to consult with per- 
sons versed in the art of oxide coatings for the technical advice 
and service they are glad to furnish. 

Alumilite has been responsible for the present large tonnage 
of aluminum used for refrigerator trays. Practically all of the 
important manufacturers of trays are now using the process. 


Commercial practice now requires a salt spray corrosion 
resistance of 72 hours. A 20 minute Alumilite coating produces 
this result. By using certain after treatments, salt spray re- 
sistance of several hundred hours is easily obtained. 

The field of aeronautics has not been invaded yet, but it will 
be in the future. Certain accessories, such as earth-induction 
compass parts are now being processed. Corrosion resistance is 
most important in this industry, and Alumilite will find its way 
into structural parts, propellers, motor parts, etc. 

An example of the increased resistance of the sealed film is 
found on the aluminum washing machine agitator. Cast alumi- 
num agitators tend to darken and spot in the presence of alkaline 
washing compounds. Sealing the film increases the service life 
of the agitator many hundred percent, completely eliminating 
the objectionable spotting and discoloration. 

Other uses belonging to this class are bakery and confec- 
tionery apparatus, dental and surgical tools, butchery equip- 
ment, chemical containers, water containers, cooking vessels, 
fire extinguishers, diaphragms, eating and drinking vessels, 
dairy equipment, paddles, machinery parts, turbine blades, 
valves, laundry equipment, etc. 

Ham cookers, in the use of which salt corrosion is very serious, 
have been given increased life ny means of Alumilite. 

One manufacturer found the film of great value upon out- 
board motor parts, especially where exposed to sea water. 

Aluminum fishing reels have been treated in large quantities. 


Surface Properties. 


All householders have found that aluminum stains severely 
in contact with foods, drinks and other materials. The use of a 
sealed Alumilite coating prevents such staining. This is another 
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reason for its use upon refrigerator trays, cooking utensils, etc. 
The finish has proven very beneficial to cafeteria trays. 


Closely related to the non-staining features is its non-smudging 
property. Aluminum, being soft, abrades when rubbed against 
other materials. This effect is known as smudging. Utensils 
leave marks on kitchen sinks. Cafeteria trays leave a smudge 
upon run-ways in restaurants, and if the hand comes in contact 
with these run-ways it becomes blackened with finely divided 
aluminum. This is perhaps the chief reason for the application 
of Alumilite to cafeteria trays. Excellent service has resulted 
from its use. All aluminum articles subject to much handling 
are well served by its application. Hand rails on busses, street 
cars, and railway cars provide valuable applications. 


One very interesting property of Alumilite film in all its ap- 
plications is its hardness and therefore abrasion resistance. It 
is much harder than any other metal finish. This is understood 
when we consider that alumina has a hardness of 9 on Moh’s 
scale. For this reason the films offer great surface abrasion re- 
sistance, though they may be only .0005” in thickness. 


There are many excellent applications in which this property 
is involved. It has been applied to some pistons for a long time, 
and evidence shows this use will greatly increase. 


Other important applications are bearing surfaces, printing 
plates, engraving plates, cooking utensils, machinery, patterns, 
etc. 

The fact that the film can be colored, oiled, etc., after its 
formation indicates that it is absorptive or of a porous nature. 
When lacquers or varnishes are applied to the film in thin layers 
they show evidence of absorption, for such thin layers are com- 
pletely absorbed. The fact that the film is integrally united with 
the aluminum surface, coupled with this phenomenon of ab- 
sorption, explains why such films are excellent bonds for paint- 
ing and similar finishes. Expensive sand blasting procedures and 
primer coats can be eliminated by the use of Alumilite films. For 
this reason it is expected to find its way into the finishing process 
used upon aluminum furniture. 


The surface adhesion to sealed films probably offers as good a 
bond as the absorption by unsealed films. This permits the use 
of special sealers which increase the corrosion resistance of the 
film. Such a procedure perhaps offers the best finisy for aeroplane 
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parts, and permits a great variety of decorative finishes for 
architectural spandrels, etc. 

We have indicated above that the soft “B” film formed in 
high density electrolytes permits deformation without serious 
injury to the film. Such deformations cause a great number of 
fissures to appear in the film, but do not impair the appearance 
of said films, nor is the protective value of the film seriously 
affected. The film is so integrally attached to the base metal, 
that though stretched beyond its elastic limit, it still adheres 
as firmly to the aluminum. If the deformation is too great, the 
film is so widely distributed that the base métal is exposed. This 
is evident particularly with colored films. 

The physical properties of the metal are important with re- 
spect to the workability of the film. We have found the 3SO alloy 
to be adapted to such purposes. The metal thickness selected 
sometimes has an important bearing upon the suitability of the 
treated metal for particular draws. 

More and more applications are being found for Alumilited 
drawing stock. A few products formed at the present time are: 
marking tags, chicken leg bands, embossed name plates, buttons 
(including two metal buttons) refrigerator box trim, window 
channel for automobiles, etc. 


Color and Decoration. 


The present day trend is towards color. More and more we 
see evidence on the part of the manufacturers and general 
public bearing out the fact of our color-mindedness. The mod- 
ernistic idea of color and design and the use of aluminum for 
purely decorative purposes are increasing daily. Fundamentally, 
aluminum is used because of its chemical and physical properties. 
The natural silvery color of aluminum offers striking contrast 
when used with black or the primary colors. 


Where different colors are desired, it is entirely feasible to 
produce very attractive effects with the oxide coatings and cer- 
tain types of organic and inorganic coloring compounds. While 
it is true that excellent decorative effects are produced through 
the use of lacquers, paints and enamels, the dyed oxide finishes 
offer a surface quite different in several respects, and have an 
appeal of individuality. 

The idea of dyeing a metal surface is unique in itself, yet not 
at all mystifying. When it is realized that in the textile industry, 
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fabrics are mordanted with aluminum compounds, and that it 
is the aluminum oxide film which is colored, the process seems 
quite simple. 


The dyed oxide film possesses several distinct and excellent 
qualities. From the standpoint of color alone the finish is quite 
pleasing, having a metallic background not found in any other 
class of colored surface. The oxide film can be produced with a 
deep lustre and deep color highly attractive. 


The colored oxide film is exceptionally hard and resistant to 
abrasive action. In this respect excellent wearing qualities are 
obtained with the colored oxide film. The colored film will not 
chip, flake or blister. 


Sufficient data are not available at this time, either from 
actual service experience or accelerated fadometer tests, to 
determine the exact serviceability of the dyed coating when used 
for service out-of-doors. It is well known that all organic dyes are 
prone to fade in some degree when exposed to the elements. 


There appear to be a number of organic dyes when used in the 
oxide film, that show a remarkable resistance to fading, and 
these dyes may find application for external service. All of the 
commercial organic dyes now used in connection with the colored 
oxide film are permanent for interior service. 


There have been developed four coloring compounds of an 
inorganic or metallic base that are commercially light-fast. The 
colors are black, blue, yellow and brown, and extensive research 
work being conducted on color will soon develop additional light- 
fast colors. 


In addition to the plain surface, there are unlimited pos- 
sibilities offered through two-color effects—engravings, stippled 
and mottled surfaces. 


The selection of the copper aluminum alloy for color work is 
necessary if the true tones of the color are to be portrayed in the 
finished article. Certain metals, notably silicon, copper and 
zinc, which are alloyed with aluminum for reasons of physical 
properties, exert influences on the anodic film, causing it to take 
on darker colors, gray to black, which materially interfere with 
the dyeing of the film. 


Advantage is taken of the formation of the dark film brought 
about by a high silicon content in an aluminum casting. By 
proper pre-treatment it is possible to produce an oxide film on 
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aluminum castings of the silicon-alloy group, that ranges from a 
light gray to a black. 

By means of proper high-lighting, very attractive two-tone 
effects in dark gray and black contrasted with the silvery alumi- 
num high-lights can be obtained. This type of finish is finding 
extensive application in architectural and casting work. The 
Empire State Building in New York City carries over 5,000 
cast aluminum alloy spandrels colored with a gray oxide film. 

With so many possible combinations of color and finishes, a 
wide variety of requirements can be met as to color, hardness, 
corrosion-resisting properties, and lustre. Aluminum and its al- 
loys will show the same wide range of properties in the field of 
color and decoration as have been shown by this metal in the me- 
chanical field where light weight and strength are needed. 

The want has long been felt for a finish upon aluminum capable 
of withstanding corrosion and abrasive action, and capable of 
taking color in a variety of ways. With the commercial introduction 
of the colored oxide Alumilite film, this need has been fulfilled. 























































Heat Resistance. 


The heat insulating properties of the anodic film offer con- 
siderable promise as a means of improving all types of heat 
generating machinery. The, anodic film has a melting point far 
in excess of the melting point of aluminum, and the film is not 
changed by high temperatures. 

Unlike the commonly known metallic surfaces, the anodic- 
alloy coated aluminum surface shows a decrease in heat radiation 
as the temperature is increased. Another interesting feature is 
the decreased radiation of heat by 15-20% with a plain anodi- 
cally-coated surface over a similarly blackened surface. 

The incorporation of a black pigment in the anodic film 
greatly increased heat absorption. Experimental work has shown 
a decrease of 50% in the time required to boil a given quantity 


of water by the use of the black anodic film over a natural alumi- 
num surface. 







































Electrical Properties. 


The first property of the anodic film to be recognized by early 
investigators was the dieletric or electrical insulating value. 
The dielectric constant of the film is about 8 for ordinary film 
thickness of the order of .002”. If mechanical properties are dis- 
carded and the film thickness built up, the dielectric strength 
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can be enormously increased. The specific resistance of the film 
which is about 1.5 x 10'° ohm/cm decreases rapidly with rise 
of temperature, and decreases with increasing humidity. 

Extensive investigational work is now under way to determine 
the commercial possibilities of the oxide coating as an electrical 
insulator. At the present time the commercial application of 
the aluminum oxide film as an insulating material is found only 
on cut-out slugs. Unquestionably the commercial application of 
the film in the electrical industry will be extended to such ma- 
terials as magnet wire, diaphragms, brush holders, brake magnets, 
motor and generator parts, and other articles. 


Conclusions. 


The Aluminum Colors Incorporated have developed a patent 
structure covering the Alumilite process and its various methods 
of application. A number of the patents have been issued, while 
others have been applied for and are now in the patent office. 

Basically, the Aluminum Colors Incorporated is a working 
laboratory and derives its income from royalties collected for 
the use of the process. It is the policy of the company to assist 
fabricators of aluminum in every way possible to develop new 
uses for aluminum, and to improve upon the physical, chemical 
and decorative qualities of the articles of present manufacture. 

The Alumilite process is in use in some forty plants in this coun- 
try and enjoys representation in the British Isles and many coun- 
ries in Conttinental Europe and the Orient. Several of the larger 
European manufacturing companies and the British Royal Air 
Force are now conducting extensive tests on the merits of the film. 


The Aluminum Colors Incorporated maintain a completely 
equipped laboratory for small-scale development work, and a 
semi-plant type shop where experimental production problems 
are undertaken for those interested. 


In the Aluminum industry there are numerous,types of coat- 
ings; but for a commercial coating having both resistance and 
appearance, the Aluminum film has much to offer. The in- 
dustrial applications of this method for allaying the disintegra- 
tion of aluminum are many and varied. The electrical properties 
of the film as well as the non-abrading, non-scoring, non-seizing 
and non-staining of the oxide-treated aluminum surface, make 
this process an all-round surface preparation involving a mini- 
mum of trouble, expense and chemical control. 
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FINISHING STEEL PRODUCTS BY THE USE OF 
SAND, SHAVINGS, SOAP SUDS AND 
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STEEL BALLS A 

tum 

By Walter S. Barrows stee 

Read at the Philadelphia Convention, 1932 chas 

My experience in the field of mechanical finishing such as is _ 
indicated by the title of this paper, dates back to the year 1908. 4" | 
An English lad working on my staff suggested the installation Sha 
of a small tumbler for use in brightening certain steel articles ~_ 
we were then obliged to finish direct from heat treatment. The e 
su 


machine was built and proved a success and is still rendering 
splendid service after twenty-four years of use and abuse. In 


Boric acid and returned to the use of soap. Furthermore, we 
faithfully adhered to the brand of soap previously used. Other 
brands or forms of soap proved less effective or too expensive. 
We were not advised to soften the water used for burnishing and 
we did not know enough to do so without being told, so that ex- 
plains why so much disaster entered into our initial work at 
ball burnishing. We were willing and worked hard, but that did 
not get us very far. We tried nickel solution diluted to a very 
pale color. It worked in a manner similar to Boric acid and with 
some of the same objectionable results. Even at the present day 
when a large quantity of small nickel plated pieces is taken from 
stock and given the cyanide hardening treatment and then sent 
to the plating room for refinishing, we simply place the pieces 
in a mechanical plating machine operated in a nickel solution, 
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1910, we purchased our first ball burnishing machine, one of the fe 
octagonal type with two compartments, this machine is also in Be 
daily use at the present time. - 
At the start we used soap chips according to advices obtained ™ 
from various sources, but the results were not such as to make oo 
us contented. Soap Bark, Soap Powders, Soft Soaps, Bran water - 
and many other lubricants were employed. The Boric acid was Pi 
tried, it did better than anything previously tested, so we of 
adopted the idea and used Boric acid as a lubricant for a long ” 
time. However, it seemed rather expensive and the yellow tinge . 
given to nickel plated articles burnished in it was particularly , 
objectionable. Of course we could remove the color, but this " 
feature together with the other little troubles seemed to dampen . 
our ardor respecting ball burnishing. Eventually we discarded ’ 
; 
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insulate the contact arms and rotate the cylinder for a brief 
period to effect a new finish on the original deposit. 

As years rolled by we were required to attempt substitution of 
tumbling for polishing in the final finishing of certain forged 
steel and bar steel articles. A cast iron tumbling barrel was pur- 
chased having dimensions of 28” x 36”. In this we treated 2500 
pieces at each charge. The pieces were 1” wide x 3/4” thick by 
4" long, they were forgings with both ends somewhat rounded. 
Sharp builders’ sand and carbonate of soda were used. Four 
months later the tumbler was a wreck. The makers of the tum- 
bler gave us another F.O.B. factory, free of charge. But that one 
suffered the same early demise and in less than five months it 
was on the scrap iron pile. Well, in the meantime, we had satis- 
fied ourselves that the process was worth continuing if we could 
get a tumbler that would stand up longer if used in the same 
manner as we had used the first two. So we made a pattern and 
cast a tumbler of a mixture containing 4% of nickel and with 
walls one inch thick. Furthermore, the actual casting operation 
was carried out under the personal supervision of our chief 
pattern maker. The walls were of uniform thickness and devoid 
of blowholes. Thin walls and blowholes seem to be the cause of 
early break down of many good looking cast iron tumblers. We 
successfully repaired small leaks from blowholes by use of two 
washers made from fabric, inserted rubber packing, two iron 
washers and a carriage bolt of suitable size. Leaks from checks 
or cracks were a little more difficult to remedy, but were quite 
satisfactorily stopped by use of bitumastic preparation which we 
mixed with a small amount of Portland cement and then the 
crack on the inner surface was covered with a piece of rubber 
packing held in place by a steel plate which was secured by 
bolts in the manner just mentioned. 


For the purpose of making the charging door water tight we 
use a circle of 3/8” rubber tire, such as is used on children’s 
go-carts, etc. This we find more effective and less expensive than 
rubber packing. 


The question of efficiency and cost of builders’ sand as com- 
pared with emery was met by long and carefully supervised 
tests, with the following results. Builders’ sand cost us $3.00 per 
cubic yard. One cubic yard of sand was exhausted on 10,000 
forgings of the size previously mentioned, an average run being 
over a period of 55 hours. Broken emery wheels of varying grain 
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were then tried, with emery purchased for 3¢ per lb. F.O.B. 
factory. 100 lbs. sufficed for roughing 10,000 forgings of the same 
size and type as those treated with sand. The same tumblers 
were used for all the work. We found that with emery we could 
reduce the actual period of tumbling to 45 hours and have as 
good if not better surface on the forgings that when operating 
55 hours with sand. Later we began the use of granite chips in 
combination with emery. Broken granite slabs were obtained 
from a monumental works yard for simply hauling it away. 
Granite wears away slowly and when used: alone effects a much 
smoother finish to metal surfaces than when combined with 
coarse emery as we then used it. The sludge from granite is 
comparatively fine and free from grit. Emery wheels used in 
our own factory were collected as fast as discarded and used as a 
tumbling medium in separate barrels. These wheels are of finer 
grain than the wheels purchased for tumbling purposes. I be- 
lieve they are called rubber bonded wheels. I have understood 
that some operators experience more or less annoyance from ex- 
cessive gas formation within the tumbler when this type of 
emery wheel is used as a tumbling medium. I do not know that 
we have had more trouble, because we learned to be cautions be- 
fore we began using emery wheels. The closest approach to a 
tragedy occurred during the use of a huge steel tumbler with 
cone shaped ends. The machine was loaded with forgings, sand 
and water. Through the center of the shaft at one end was a hole 
one-half inch in diameter. A steel rod three-eighths of an inch in 
diameter was kept in the hole so that at frequent periods during 
each day the operator could free the hole of sand and satisfy 
himself that the vent was open. One day he failed to attend to 
this little ramrod and sand became packed around the rod in the 
hole, stopped the escape of gas until finally the steel rod was 
forced out with the speed of a bullet from a rifle. The rod shot 
straight as an arrow for a distance of fifty-eight feet, missing 
only by three inches the body of a workman. It requires only 
one experience such as that to make a foreman cautions, but, 
future freedom from accidents may depend largely upon the 
attitude of an operator toward the warnings given him. For 
instance, a bright young fellow whom I had carefully trained for 
weeks, became so enthused over the results of a noon time ball 
game, that he omitted to release the vents of a large roughing 
barrel. When the closing hour release was made the pressure 
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within the barrel was terrific. One turn of the wrench used to 
loosen the cover was sufficient to allow a small stream of greasy, 
black muck to be blown from the barrel to a distance of thirty 
feet, where it struck a female employee and utterly ruined a 
pretty white blouse, caused the girl to suffer shock and the se- 
clusion of the rest room for the remainder of the day. You may 
operate tumbling machines on an extensive scale for many 
years and not experience similar conditions, but I mention them 
here as a reminder to all that something unpleasant can happen 
if vents are not given careful, regular attention. 

By using an oscillating barrel we obtain a given finish in 
about one-half to three-fourths the time required to do the same 
job in a horizontal barrel. Round bar steel stock three-eighths 
inch diameter and five-eighths inch diameter, is finished in wooden 
tumblers twenty-eight inches in diameter and sixty inches long. 
Each tumbler is divided into two compartments. The ends of 
each section are protected by a plate of one-quarter inch boiler 
iron. The articles treated in these tumblers are of irregular 
shape and one hundred pieces constitutes a load per section. 
Each compartment is then charged with approximately one 
half bushel of circular sheet steel punchings which have pre- 
viously been tumbled sufficiently to smooth the edges. The 
punchings are about one inch diameter by one-eighth inch 
thick. Finally, the compartments are packed tightly with dry 
shavings. These shavings are such as are produced by a planer 
or a hogging machine, they are not as fine as sawdust and act 
effectively as a polishing medium, being carried with some 
force by the steel slugs. Three hour treatments usually suffice 
for the five-eighths stock, but the three-eighths stock is in an in- 
ferior raw condition due to inclusions produced during hot 
rolling. 

Representatives of steel mills tell me that it is practically im- 
possible to produce as good finish on raw three-eighths bar stock 
as on stock of greater diameter. In any event, we have to tumble 
the three-eighths bar fully five hours to obtain aneven moderately 
satisfactory finish. 

Just a word now respecting cost of wet tumbling as compared 
with grinding. One forging cost $7.00 per hundred to grind and 
rough polish. To wet tumble in sand or emery, and ball burnish 
cost 63 cents per hundred. Another forging, much smaller than 
the one just referred to, and in the form of a shoe for use in 
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children’s wagons, bicycles, etc. as a breaking shoe, cost $2.00 
per hundred to polish. To rough by wet tumbling and finish by 
ball burnishing before and after nickel plating, cost just 20 cents 
per hundred. I wish it understood that I do not claim that the 
finish obtained by wet tumbling and ball burnishing is as per- 
fect as may be produced by two wheel polishing, but, for many 
parts of products manufactured for service, the tumbling pro- 
cess facilitates inexpensive finishing to a degree adequate to 
meet present day requirements. Articles received in the tumbling 
section direct from carbonizing treatment are placed in a wooden 
octagon shaped tumbler completely lined with quarter inch 
boiler plate, and tumbled two hours without any abrasive or 
other tumbling medium being added. This treatment removes 
about 90% of the scale and produces a surface condition on the 
steel which is easily improved by action of shavings. The black 
dust or pulverized scale may be sifted out of the barrel before 
adding shavings, this precaution however, is not always nec- 
essary. Shavings are packed into the barrel and the treatment 
continued for another two hours, usually a total of four hours 
is ample time for plain flat stock. Additions of sand, emery or 
other harsh abrasive is not advisable if a smooth bright finish 
is required. 
W ater Conditions 


The water I am using is river water, the bed of the river is of 
lime stone, at least for some distance inland from Lake Ontario. 
Analysis of the water as shown by report of Government analyst 
is as follows: 


Parts 
per Million 

TORU NE ON oP Soca cy Ste ows vw bier ates Sielnle oT 22.4 
ED, crs civ ckekets oh sbbnnkeS et 64s 5.5 
EEE I LETTE TTT On 39.0 
Caer: CAPDONOEE «0.0 icsc cccsposscsscaceewenans 103.4 
I ENN os oi nen dns cdbcesasevews ” ie 
ERS See ee eee en vane ere Ae en tes 11.4 
TW ORROIME OU ONONE o.oo. 5: 5:0 is a 0's 0 wre wee are bos 8.2 
CaS UNIC PROUT 5.55.5 55 oc 6 ee crawls eae See carelciom 10.6 
MAREN 2555 gs hie sours ees tes de rndeh Ge wip RuO RL 243.8 


We do not place soap chips in the barrel and then add hot 
water, instead, we make up forty-two gallons of soap solution 
in an iron drum. To make this solution we use eight ounces of a 
compound of Tri sodium phosphate, sixty per cent, and soda 
ash, forty per cent. Steam is injected into the water and when 
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temperature has attained approximately one hundred and twenty 
degrees Fah’r the compound is added and allowed time to be- 
come thoroughly infused then twenty-one ounces of kiln dried 
soap chips are slowly poured into the swirling liquid and the 
injection of steam is stopped when temperature of the solution 
reaches approximately one hundred and seventy degrees Fah’r. 
This is our stock soap solution. It is impossible to drain an 
octagon barrel without using a strainer to retain the balls. There- 
fore, after washing the balls there remains about two or three 
gallons of water which naturally dilutes the stock solution sub- 
sequently added. Three gallons of stock solution per compart- 
ment is used. Now, it will be seen that the volume of solution 
within the compartment is actually four or five gallons rather 
than three gallons added from the stock solution. You will also 
note that instead of a stock solution containing one-half ounce 
of soap per gallon, we actually burnish in a lubricant composed 
of only one-quarter ounce to three-tenths ounce of kiln dried soap 
chips dissolved in softened water. 


21 oz. soap chips @ 11¢ per lb. = approx.............. 14.5¢ 
8 oz. water softening compound @ 6¢ per lb........... 3.0¢ 
i i OI soi ache sien tees 17.5¢ 


In each compartment we burnish from fifty to five hundred 
pieces per batch, depending on size and shape of the article. 

Now, if five ounces of soap chips per gallon of water were 
used and the same amount of softener used as now, the figures 
would be: 


210 oz. soap chips @ 11¢ per lb. = approx............. $1.44 
8 oz. water softening compound @ 6¢ per lb......... .03 
Ee MN, os chock viewerecnnamege enna $1.47 


An excess cost of $1.29 or over 9¢ per batch. 

I might say here that soap free from fillers, or pure soap, 
should be dissolved in soft water at temperatures between 160 
degrees Fah’r. and 180 degrees Fah’r. Soap containing fillers 
such as silica, etc. begin to curd at about 110 degrees Fah’r., 
therefore should not be dissolved in hot water. 

We adopted one-half ounce of soap per gallon of water as 
standard only after long and careful tests of various kinds of 
soaps, burnishing compounds, powders, etc. The tests were com- 
parative e.g.—we began with say three ounces of soap per gallon 
and gradually reduced the quantity until satisfied with the 
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results that the soap was not as good as a previous sample, or ex. 
celled it. We found the glass jar method heretofore mentioned, a 
great aid in determining the stability of soap suds, which, we 
regard as an important point to consider when choosing a soap 
for burnishing lubricant. There may be soaps manufactured ex- 
pressly for ball burnishing purposes, but I am loath to believe 
that the average so-called burnishing soap is other than a good 
quality, neutral laundry soap chip. 
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Available literature descriptive of soaps will prove intensely § ‘78 
interesting to anyone responsible for use of soap in industrial bes 
processes. The amount of soap necessary to use per gallon of § 7” 
water depends not only upon the quality of the soap, but also sof 
upon the quality of the water and whether a water softener is bu 
employed. My early failures to use soap successfully as a burnish- ba 
ing lubricant were due to lack of consideration regarding the § 
nature of the water I was obliged to use. If we attempt to burnish J Ri 
steel or plated surfaces in water just as it came from the tap, of 
plus soap, we produced absolutely no luster on the work, suds du 
if any, disappeared quickly after burnishing barrel was opened, lu 
surfaces of all work were gummy and the whole outfit badly § ™ 
mussed up. An excessive amount of soap was necessary to pro- § P! 
duce only a light luster. Hardness of water is due to Calcium § “ 
or Magnesium bicarbonates (that is, insoluble calcium or mag- tt 
nesium carbonate is chemically combined with carbonic acid § ™ 
to form soluble bicarbonate) or to the presence of calcium or - 





magnesium chlorides or sulphates. All of these compounds unite 
very readily with soap to form an insoluble sticky “curd”, so that 
some of the soap is destroyed in this way before it has a chance 










to make a suds, the amount destroyed, of course, depending on § ? 
the amount of hardness present. Boiling water decomposes the f° 
calcium bicarbonate into calcium carbonate with liberation of t 
carbon dioxide, and the insoluble calcium: carbonate will not 
react with the soap, so that the water has been thereby softened. 





The calcium or magnesium sulphates and chlorides, however, 
require the use of sodium carbonate or other alkali to react 
with them to produce calcium or magnesium carbonates and 
sodium sulphate or sodium chloride, none of which react with 
soap; so that the use of sodium carbonate or similar material 
to soften hard water containing sulphates or chlorides is essential 
if soap is to be saved. 
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Steel Balls 


Now, with a satisfactory soap, a little knowledge of the pe- 
culiar qualities of the water to be employed, we need a plentiful 
supply of good hard steel balls. And it is advisable to exercise a 
little care when purchasing balls. I have used steel burnishing 
balls which split like peas, others that were too soft to retain 
their shape during six months service. Buy from a reputable 
dealer and specify best grade burnishing balls. After you get 
the balls, take proper care of them if you expect good burnish- 
ing. Do not use harsh lubricants, they will eventually ruin the 
best steel ball made. Do not allow them to remain exposed to the 
air longer than actually necessary. Keep them covered with 
softened water when not in use, whether they are in or out of the 
burnishing barrel. If the balls are removed from the burnishing 
barrel for a period of time, place them in a water-tight recep- 
tacle and cover them with soda solution to prevent rusting. 
Rusty steel balls never clean up so that they are as good as new, 
often they are pitted and pitted burnishing balls are not con- 
ducive to good results on any metal surface. Keep the balls 
lustrously clean while in use, dull colored or gummy balls will 
not produce first class effect on even the most favorable type of 
product. Although I am using the octagon shaped barrel, I am 
convinced that the horizontal burnishing barrel is the correct 
thing for burnishing a large percentage of the products which 
are susceptible to ball burnishing. The cost of relining a two 
compartment 8” x 24” octagon shaped barrel with 11/2” hard 
maple is about $38.00, and the lining will last about two. or 
three years, depending on the amount of work burnished in the 
barrel and the care exercised in its use. It does not pay to have 
a barrel lined with second grade quality of maple, one soft spot 
in the lining spells trouble long before a good hard lining would 
begin to show wear. Some articles which lend themselves to 
finishing by the ball burnishing method are extremely damaging 
to barrel linings during burnishing operation. For instance, rat- 
trap pedal frames will ruin the wooden lining of a barrel so 
quickly that the repair man is liable to wonder if he used pine 
instead of maple the last time he lined the barrel. If the lining 
of an octagon barrel wears through to the iron shell at the cir- 
cumference of the barrel and remains in comparatively good 
condition at the sides, the effect on quality of finish produced on 
metal surfaces mixed with the balls, is often inappreciable, but, 
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if the side lining becomes defective in like manner, either by 
reason of natural wear or inferior quality of a section of the 
wood, it is unwise to delay having the machine relined. 






Soap solutions should not be used extremely hot, 165 degrees 
Fah’r. is hot enough to dissolve a good burnishing soap and it is 
good practice to manage preparation of a stock solution so that 
the lubricant can be employed at lower temperatures and thus 





















effect less rapid disintegration of the wooden lining. Labor 30 
saving devices can be employed to effect quick refilling of the ™ 
burnishing machine, but, the efficiency of such devices depends 1 
largely upon the amount of mechanical ingenuity possessed by wi 
those responsible for their construction. 

I do not believe we are now doing as good ball burnishing as J 4} 
may be done at some future date. I am particularly hopeful, § ,, 
with respect to ball burnishing nickel plated articles. Small ad- 9 4, 
ditions of sodium cyanide to a good soap solution will often aid , 
in production of a satisfactory finish on nickel plate, and I ex- 9 y 
pect that someone will blunder on to a method of producing , 
really brilliant surfaces by addition of an equally small quantity § ;, 
of chemical. ‘ 

One feature of ball burnishing I have omitted and which is § < 
important, is the fact, at least as far as my experience goes, that Bs 
nickel plated rough raw soft steel will sometimes finish to better B | 





luster by ball burnishing than will nickel plated hardened steel 
which has been moderately well polished. And another point, do 
not blame the condition of the steel, the process of ball burnish- 
ing, the soap or the machine, if you fail to get beautifully finished 
surfaces during your initial attempts. It is possible that the 
trouble is due to some condition of the nickel plate. This is par- 
ticularly true of deposits of one one-thousandth inch thickness 
and over. We produce nickel deposits over a substantial copper 
strike. Articles which are to be ball burnished subsequent to 
plating are given a little less nickel than would be the case if 
buffing was to be the final finishing operation. 














As a general rule we get better results on nickel plated de- 
posits obtained in the conveyor equipped bath than on nickel 
deposits obtained in still baths. The reason for this is that the 
deposits from the still baths are more liable to be coarse grained 
due to the operator having forced the deposition of nickel be- 
yond the safe limits of the bath. The grain structure of the de- 
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posit does not lend itself to easy finishing by either buffing or 
burnishing. On the whole, a nickel deposit irrespective of thick- 
ness, which will buff readily to good lustre, will finish satis- 
factorily by ball burnishing. Ball burnishing nickel deposits 
is a very good test of the adherent qualities of the coating. There 
isn’t much wrong with the adherency of .001 inch nickel de- 
posits which will remain “put” during one hour milling among 
300 Ibs. of steel balls. Does a ball burnished nickel surface tarnish 
more readily than a buffed nickel surface? My answer is—no. 
I have tested nickel coatings upon a variety of metal surfaces, 
which were finished by both methods and the results were so 
identical after any given time that it was impossible to de- 
termine the buffed plate from the ball burnished plate. Articles 
that are cup shaped or saucer shaped may prove more or less 
troublesome when the ball burnishing process is tried on them, 
but usually, the trouble can be overcome by use of some type 
of divider, as we call it, which will separate the pieces so that 
they may be uniformly acted upon by the balls. One device 
which we use for this purpose is simply two pieces of five-eighths 
inch diameter round steel bar threaded on one end, the opposite 
end being capped with a square piece of flat steel, the corners 
of which have been turned outward at right angles to the flat 
surface, these form prongs which are forced into the wooden 
lining of the barrel by a turn buckle which is fitted on the 
threaded ends. On each side of the turn buckle and at uniform 
distances along the steel bar, are small cross arms which are 
capped with one-inch steel balls or short lengths of steel tubing 
which have been filled with babbit. While this device works 
very satisfactorily in one case, we have been unsuccessful in 
attempts to use it for separating an article of practically the same 
shape as the article successfully handled, but having just a 
slight bulge in it so that when two pieces are placed one within 
the other, it requires considerable force to get them apart. 
These articles are made of thin sheet steel. 


I have not dealt with the use of racks within the tumbling or 
burnishing machine, as such practice is an exception rather than 
the general rule. We have however, successfully burnished 
articles 3” x 3” x 16” by use of wire cages in which each article 
was enclosed and the cages then packed immovable within the 
barrel and the burnishing action made practically continuous 
during rotation periods by filling the octagon shaped chamber 


71 









two-thirds full of balls having shelves or fins built into the lining 
so that there was a stream of balls passing over the work during 
the time that a shelf or fin was in top position with respect to 
rotation of the chamber. The idea was taken from a laundry 
machine I once observed in action. It worked, but loading and 
unloading were necessarily slow operations. 

Finishing steel surfaces by use of sand, shavings, soap suds 
and steel balls furnishes plenty of interesting problems and op- 
portunities for study and experimentation if we are inclined 
toward making the next batch of work look better than the last. 
If your product or portion of it is such as to permit of this class 
of finish and you refuse to adopt it, you are missing a big bundle 


of real FUN. 





BRANCH NEWS 


ANDERSON BRANCH 

Regular monthly meeting of the Anderson Branch was held at the Y. M. 
C. A., at 7.30 P. M., February 6th. 

Roll call of officers showed Mr. Hammond and Mr. C. Wilson absent. 

Minutes of January 9th meeting read and approved. 

Century of Progress letter from Chicago Branch was read. 

The secretary was instructed to send the Chicago Branch a list of Manu- 
facturers in our district who might send delegates to the National Convention. 

There were no bills. 

The matter of the annual banquet was discussed and appeared favorable 
by all present. Each one present appointed himself a committee of one to get 
the consensus of opinion of those who attended last year as to whether they 
would come this year or not. 

Our President appointed Mr. Castell and Mr. Wagner to line up the mem- 
bers for a trip to Dunkirk to visit the Indiana Glass Co. 

Mr. Guy Cole then took over the meeting and gave us a talk of die castings 
and showed us some interesting photographs made for thickness tests. 

Upon completion of his talk he handled the question box. 

The following questions were given: 

Question—Do you think it any harder to chrome plate a piece of die cast after it 
has been nickel plated than any other metal? 

Answer—Only in so far as the complicated designs of many die casts. 
Question—lIs color buffing before plating copper on die casting necessary? If 50, 

why? 

Answer—Yes, as a cleaning measure. 

Question—What are the chief causes of small blisters in copper plating die castings? 

Answer—I mperfections in the die cast secreting dirt. 

Question—What is the chief difficulty in plating die cast? 
Answer—Bilisters. 
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Question—How can you soften nickel deposit for nickel color? 
Answer—By adding boric acid. 
Meeting adjourned at 10.00 P. M. 


Special Meeting, Anderson Branch, February 20th 

On February 20th, our President called the members together to make a 
trip to the Indiana Glass Co., at Dunkirk, Indiana. 

About 30 members and friends met at the Y. M. C. A. at 6.00 P. M. and 
started for Dunkirk. We arrived there about 7.30 and were met by Mr. 
Batsch, the Vice-President and Mr. Merry, the Secretary-Treasurer, of the 
above concern, who escorted the party through their plant. They showed us 
their furnaces, explained their operation and we saw them making coal oil 
lamps and Buick automobile headlamp lenses. Altho their tool room and de- 
sign and paint room were not operating, we were taken thru with many ques- 
tions asked and answered. 

About 9.30 the trip was complete and everyone agreed that we had a very 
enjoyable time. 


G. S. Cote, Secretary-Treasurer 


CHICAGO BRANCH 
The Chicago Branch Smoker which was held at the Atlantic Hotel Garden 
Room, January 11, 1933, with Past President O. E. Servis as Master of 
Ceremonies in Charge and it was a huge success. Oscar was in fine form and 
presented the Speakers of the Evening in his inimitable manner who were as 
follows: Mr. J. Hansjosten, Detroit Branch President and member Publishing 


Company; Mr. Phillips, Detroit Branch of National Research Com. of A. E. S.; 
Mr. C. S. Tompkins, General Secretary of Convention Com.; Mr. C. E. 
Van Derau, Supreme President of the A. E. §.; Mr. W. Fraine, Treasurer, Re- 
search Com.; Mr. J. Hay, Chairman of National Research Com.; Mr. H. A. 
Gilbertson, Supreme Secretary A. E. S. Mr. F. J. Hanlon, President of 
Chicago Branch, in a few well chosen words introduced the Master of Cere- 
monies, who in turn started things going by introducing our Convention 
Secretary, Mr. C. S. Tompkins, who said a few words about the Convention 
and then with the assistance of a 2-reel motion picture owned by the Goodyear 
Rubber Co., and supplied by the Century of Progress, Mr. Tompkins took 
us for a Motion Picture Trip through the Fair Grounds which was very in- 
teresting and no doubt many of us were sold on the Convention and are 
doubly so now as the picture showed many things that will be interesting to 
the plater and everybody. 

Mr. Tompkins had to pinch hit on this job as the regular Lecturer was un- 
able to be with us. 

Mr. Phillips as you know is with the General Motors Corporation of Detroit, 
Michigan Research Division, and always has something of importance in the 
Electro plating field at our Annual Meeting and in his words has promised us 
something important at Convention in June at Chicago. 

And ask the Members to assist in the completion of present Research In- 
vestigations if possible. 

Mr. J. Hay gave a resumé of the work done by the Research Com. during 
first half year and the mailing of 3500 letters to Manufacturers and Members 
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and the nice response that he has received and was gratified to realize that 
his efforts and those of the Committee on Research was so highly appreciated, 
and when he stated that Mr. Fraine would give financial results later. We of 
Chicago Branch feel proud of Wm. Hay and want him to know that we are 
with him to best of our ability. 


Mr. C. E. VanDerau, President of A. E. S., who our Master of Ceremonies 
purposely held back to keep the members present to hear Van as he is known 
in Chicago as an able speaker with facts and details of what he talks about and 
he sure unbelted himself for just one hour in which he took the assembly 
thru the History of what the Society means. Now in times like these and what 
the Administration is endeavoring to do in the short time allotted to them, 
he told of the efforts of Mr. Hay, Mr. W. Fraine, Mr. Phillips, Mr. Servis, 
Mr. Hansjosten and Mr. Gilbertson in several conferences at Detroit, Chicago, 
Mansfield, Dayton and Cleveland and of visits by himself and W. Fraine to 
Cincinnati in an endeavor to get them functioning and I want to tell you 
members when you have heard Van tell this and the results he expects from 
his Committees, this year, Officers will make more real history in the Electro- 
Plating Industry and we feel highly complimented by having our President 
with us and wish him much success in his efforts. 

Mr. W. Fraine, Past President, A. E. S. and Treasurer of the Research Com- 
mittee in his inimitable way did the Research Committee and © ficers of that 
committee a real lot of good in his discourse on the trials of that Committee 
and explained that as a result of a drive by Mr. Hay from a list prepared by 
Mr. E. S. Thompson, Vice-President of A. E. S., that during month of De- 
cember, 1932, that they had received about $1,000.00 in small contributions 
and it appears as though we can research until Convention time. But Walter 
says that the time is now here when we must prepare beyond the end of the 
fiscal year so that incoming officers are not faced with the tasks that faced 
all the Past Officers. 

Mgr. Gilbertson our able Supreme Secretary-Treasurer, gave a short dis- 
course on the financial facts of our Society’s efforts and possibilities and it 
was all very promising and facts brought out in full as Al. Gilbertson in his 
good old honest way does things. 


J. Hansjosten, first President, A. E. S. and Past President, Chicago Branch 
and present member of Publication Committee, said a few words relative to 
backing up officers of the Society. 


J. H. is the Statistician of the Publication Committee. He was a busy man 
all the time he was here and for that reason did not talk as much as he can. 
Mr. Hansjosten is a very able speaker but had so much to think about on 
the Publishing Committee, that he did not dwell long this time on subjects 
of the Society dear to his heart. 


The Milwaukee Branch was quite in evidence: Dan Wittig, Bob Stuernagel, 
Pat Sheehan, Ed. Werner, Jack Geisman were all down and brought Ray 
Goodsell, so we had singing and piano playing by Ray and Jack of Milwaukee 
assisted by Rudy Hazucka and M. Slater of Chicago Branch and it was like 
old times. I hope we can have more of it soon. 


There were about 150 members and guests present, and many old timers 
came out. G. J. Nikolas was there for the first time in 20 years and the boys 
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were all glad to see him. Nathan Hunter was in for a while and is recuperating 
fast from his operation for appendicitis last December. 

There were a great many fellows there whose faces were familiar to us, 
but whose names have slipped our memory so if we do not mention their 
names we want them to know we thank them for coming out and hope they 
will visit us again at the Convention, June 27, 28, 29, 30, 1933. Don’t forget 
the dates. 

To the visitors Messrs VanDerau, Fraine, Phillips, Hay, Gilbertson, 
Hansjosten, Shoeline and Milwaukee members, the Chicago Branch thanks 
you and hopes you will come again and trust that you had a good time. 

The coffee and sandwiches and the festive display of meats, salads, etc., 
was good and the Atlantic Chef put up a nice feed but he did not figure that 
the boys could hold so much coffee and was continually making more. 

The Supreme President, C. E. VanDerau; Supreme Secretary, Gilbertson; 
Research President, J. Hay and Treasurer, W. Fraine and W. Phillips, 
Detroit members of Research Committee along with O. E. Servis, J. 
Hansjosten, F. J. Hanlon, C. S. Tompkins, and Mr. Shoeline spent a busy 
afternoon and evening going over the many problems that confront the dif- 
ferent committees and Society and it is hoped that much good shall come 
from the visit of our President and his entente and that next June we shall 
pay him the honor his sincere efforts have merited by the greatest attendance 
of any Convention yet. 

Trusting and hoping to see you all at the Convention, June 27, 28, 29, 30, 


1933. Congress Hotel, Chicago, Illinois. E. G. Srentens, Secossary 








The 15th 


Annual Educational Session 


to be followed by Gala Show and Dance 
will be held by 


NEWARK BRANCH, A. E. S. 


April 29, 1933 
at the Elk’s Club House 
1048 Broad Street, Newark 








Educational Session at 2.30 P. M. The following papers will 
be presented: 

Electrolyte Refining of Nickel 

Recent Studies of Zinc Anodes 


Recent Developments in Electroplating 
George B. Hogahoom 


Show and Dance at 7 p. m. Tickets $1.00 
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CLEVELAND BRANCH 


The Monthly Meeting of the Cleveland Branch was called to order by 
Vice-President, H. J. Ted Doest at 8.15 P. M. 





The chair reported the death of the father of our President, E. Steen T 
Thompson. The Secretary was instructed to send Mr. Thompson a telegram, ff follc 
tendering heartfelt sympathy from members of Cleveland Branch. Que. 

The minutes of January meeting were approved as read. A 

The hotel bill was ordered paid. Que 

The speakers of February meeting were, Mr. Whittaker of Haishaw Cheni- n 
cal Company of Cleveland, Ohio., who gave a brief talk on recent develop- A 
ment in heavy nickel plating. Que 

Mr. Powell of Oakite Products Company of North East, Pa., who read a f; 
paper on Practical and Technical Aspects of Cleaner Price to Plating. has 

Speakers for March 4 Meeting will be Dr. Soderberg of Udylite Process I 
Company of Detroit, Mich. Mr. E. L. McElhenny of Cowles Detergent Com- ] 
pany of Cleveland, Ohio. Mr. Ed. H. Bucy of Brevolite Lacquer Company of ter 
North Chicago, IIl. 

For April 1 Meeting, Mr. J. M. Mayers of Frederic B. Stevens, Inc. of 
Detroit, Mich. Dr. Cleveland of Philadelphia Quartz Company of Philadelphia, 

Pa. Meeting-was adjourned at 10.00 P. M. 
H. A. Weser, Secretary 
pe 
HARTFORD-CONNECTICUT VALLEY BRANCH st 

The Hartford-Connecticut Valley Branch held its regular monthly meeting be 
on Monday evening, February 27, at the Hartford Chamber of Commerce, se 
Hartford, Conn. 

The meeting was called to order at 8.15 P. M. with President Fleming in sy 
the chair. Minutes of the previous meeting were read and accepted. All b 
communications were read and placed on file. One bill amounting to twenty- 
two dollars and fifty-eight cents ($22.58) for our third quarter Per Capita I 
Tax was voted paid. ce 

Mr. J. D. Tierney, President of the Storts Welding Company of Meriden, a 
Conn. was our guest speaker for the evening. He gave us a very interesting 
as well as instructive talk on the manufacture of tanks; telling us some of the 
humorous, as well as the serious experiences connected with his work. Very 
few of us realized, before Mr. Tierney’s talk, just how much was involved in 
the subject of tanks. After answering numerous questions in regard to his 


lecture, he was given a rising vote of thanks. 


The meeting was attended by twenty-one members, and was adjourned 
at 10 P. M. 


ee ae let? oe 


V. E. Grant, Secretary 





LOS ANGELES BRANCH 


At the meeting of the Los Angeles Branch held January 11th, 1933, the 
Minutes of the previous meeting and the financial report were read and 
accepted. 


Letters from Mr. Steen Thompson and Mr. Van Derau were read. 


The members voted that we write Mr. Strauser at the Bureau of Standards 
and ask that some of the test specimens be displayed on the Pacific Coast. 
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Messrs. Francis, Corbit, Thornton, Rushton, Rynkofs and Coffin were ap- 
pointed as a committee to decide if and when we should have our annual 
banquet, dance and educational session this spring. 

The meeting was turned over to the Librarian, Mr. Hurd, who found the 
following questions in the box: 

Question—How can an excess of caustic soda be eliminated from a brass solution? 

Answer—No answer. 
Question—What will cause a rough yellow deposit on work and anodes in a 

nickel solution when agitated? When not agitated this does not appear. 

Answer—Sludge in solution. Needs filtering. 

Question—How can copper wire, 40 gauge be plated bright in nickel solution? 

Answer—Wind it on a frame made of wire and plate in nickel solution that 
has had cadmium added to it as a brightener. 

Mr. Hurd then read us a paper on electricity. 

Mr. Weigel of the Los Angeles Chamber of Commerce gave us a very in- 
teresting talk on co-operation. 

Meeting adjourned. 

Ear Corrin, Secretary-Treasurer 


MILWAUKEE BRANCH 
The regular meeting of Milwaukee Branch for February 10th was post- 
poned to our Educational Meeting February 24th, on account of the severe 
storm. The meeting was called to order by President Paul Krause, all officers 
being present. The meeting started promptly at 8 P. M. After the business 
session the meeting was turned over to Librarian, Henry Binder. 


Our Educational Meetings have a better attendance since we adopted the 
system of having two members work with the Librarian, and Assistant Li- 
brarian to present papers and talks. 

Our Board of Managers have been trying to get speakers according to the 
suggestions of our Supreme President, Van Derau, but have not been suc- 
cessful up to the present time. They have taken up this matter with the 
association of commerce. 


They may have better success when they apply again. Business for the 
platers is not good, as a result many of our members are not employed. It 
has been our policy to carry these members as long as possible, as a result, 
Milwaukee Branch has been in the red for some time, and hope conditions 
improve so we can again carry on our affairs properly and meet our obliga- 
tions. Beginning with March 9, 1933 the Milwaukee Branch will have only 
one meeting a month. The second Thursday of each month to be a combina- 
tion business, and educational meeting. 

Peeling of Nickel Plated work brought out some very good discussions. 


Frank J. Marx, Secretary-Treasurer 


ROCHESTER BRANCH 


Rochester Branch has had some very interesting meetings this winter due 
to the efforts of our Educational Chairman, Mr. G. A. Lux. 

At out November meeting we had with us Mr. L. A. Sullivan, of Matchless 
Metal Polish Co., Glen Ridge, N. J. Mr. Sullivan’s talk on Compositions— 
Use and Abuses will long be remembered by Rochester Branch. 
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At our December meeting the speaker was Dr. Karl Schumpelt on Rho. 
dium Plating. 

January meeting, Mr. C. M. Hoff, of the Granselli Company, Cleveland, 
Ohio, gave us a talk on Cadmium Plating. 

Rochester Branch wish to extend their thanks to the speakers and their 
firms who were so courteous to our Branch. 

We regret at this time the loss of one of our members who was well known 
by many members of the A. E. $., Mr. Raymond Lopez, whose death occurred 
in January. To his family Rochester Branch extend their sympathy. 


- IN MEMORIAM. 
Mr. R. P. Lopez 
Cuas GrirFin, Secretary 


WATERBURY BRANCH 


The various discussions and exchange of ideas on plating matters in general 
which have enlivened the meetings of Waterbury Branch for the past few 
months, will be discontinued for the present. 

President Tennant Elwin, announces that at our next meeting, which will 
take place Friday evening, March 10th, Mr. Tom J. R. Kennedy, editor of 
the Review, will address the members and friends on an interesting subject. 
Refreshments will be served and a 100 per cent attendance is expected by the 
committee in charge. 

A party of nine Waterburians attended the meeting of Bridgeport Branch, 
held at the Stratford Hotel, Friday, February 17th, to hear Dr. Wm. Blum 
speak on “‘The Protective Value of Plated Coatings on Steel.” 

An interesting and instructive discussion was the verdict of all who had 
the pleasure of listening. 

W. F. Guitroite, Secretary 


BRIDGEPORT BRANCH 


In the Stratford Hotel on January 6th, the Bridgeport Branch held their 
regular monthly meeting. There were twenty members in attendance and 
four officers. 


In the absence of President Wagstaff, Al. Rosenthal called the meeting 
to order. : 


The business of the meeting consisted mostly in the arranging of a program 
for an open meeting. Roy O’Conner is chairman of the program committee. 

Arrangements were also made to have Homan Brown speak at the next 
regular meeting. 


All reports having previously been read and accepted the meeting ad- 
journed at 9.45 P. M. 


On February 3rd, the Bridgeport Branch held their regular monthly meet- 
ing in the Chamber of Commerce rooms of the Stratford Hotel. The meeting 
was called to order by President Wagstaff. 

The only committee to make a report was the entertainment committee. 
Roy O’Conner, chairman. Mr. O’Conner had completed arrangements to 
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have Dr. Blum speak in the lecture room of the Stratford Hotel on Friday 
evening, February 17, at an open meeting. 

After Mr. O’Conner’s report, Mr. Brown was asked to discuss his topic as 
planned for the evening. Mr. Brown had chosen ‘‘Springs in Cadmium Plat- 
ing” and there was much discussion particularly between Al. Rosenthal, 
Charles Barham, Bill Stratton, Roy O’Conner and a few other members of 
wide experience in this work. 

The meeting adjourned at 11 P. M. 


On Friday evening, February 17, in the lecture room of the Stratford 
Hotel the Bridgeport Branch held an open meeting. There were about eighty 
members in attendance. 

Roy O’Conner, Chairman of the Program Committee introduced the 
speaker of the evening. Dr. Blum, Chairman, Electro Chemical Director, U. S. 
Bureau of Standards. 

Dr. Blum, who showed samples and illustrations, had for his subject “The 
Protective Value of Plated Coatings on Steel’, which proved of great in- 
terest and value to all members. < 

Roy O’Conner brought the meeting to a close at 10.45 P. M. 


Ws. Frianerty, Secretary-Treasurer 














APPLICATIONS 


Gaston H. Berceman, 517 Ohio Ave., Fremont, Ohio..............cc:c00e00 Toledo 
Geo. M. Mitispauen, Seth Thomas Clock Co., Thomaston, Pa.....Waterbury 


Fioyp F. Opiincer, 1866 Niagara Ave., Niagara Falls, N. Y. ( Assoc.) 
Rochester 

ELECTIONS 

Gaston H. Berceman, 517 Ohio Ave., Fremont, Ohio.............0..cc00008 Toledo 

Owen D. Gurrmoniz, Connersville, Tad.....................--nceooseresssescsvesssecorecess Dayton 
TRANSFERS 

Ma. P. R. Lvows from Chicage Brtimch 00...........::.c..ciccsecccceccoesssoeseses Cleveland 

Mz. A. L. Staren from St. Lowis Branch to..........6...c.0.<c.scccecssessecseseeed Chicago 
REINSTATED 

E. WoopmancEE, 5790 Lincoln Ave., Detroit, Mich.............ceceeeeeeeeee Detroit 

James Garvie, 5906 Colfax Ave., Detroit, Mich..............cccccceccceceseceseesee ee Detroit 

RESIGNATIONS 

Ben. E. MI.uer, 2487 Townsend Ave., Detroit, Mich......02.0..ccceceeeeeeeee Detroit 

W. J. SurHERtanp, 197 Gillard Ave., Toronto.............ccccccecseesesecsesseseeees Toronto 
SUSPENSIONS 

Sarna, Oa sical dndlseenitccoinsoadenta Waterbury 

Tuos. Grsson, c/o Mossberg Mfg. Co., Providence, R. I...................Providence 

A. E. Fryer, 90 Helena Ave., Toronto.................ccscccsscssesscochscossseveses scence Toronto 

O. G. Sipser, 5120 Beoteau Ave., Chicago. ................ccccccssseSeosces cacesecese Chicago 

DEATHS 

Jacos Van Dyke, 1361 Union Ave., Grand Rapids, Mich............. Grand Rapids 

G. A. Karn, Jr., 1911 Fulton St., Chicago, Ib... cece cccecscecese cose seescoes Chicago 

Ie ee ORE TE OER TE LTTE seeped Rochester 


Mr. Donatp Woop of Boston Branch, associate member has had his classifi- 
cation changed to active membership. 
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RESEARCH COMMITTEE 


Mr. Jacos Hay, Chairman................ 18211 Rosecliffe Rd., Cleveland, Ohio 
Mr. W. M. Putuutrs, Vice-Chairman......General Motors Corp., Detroit, Mich. 
Wha: WATT, DOIG is ois asesasi ssicccsceccenereess 507 Grand Avenue, Dayton, Ohio 
a A ER eeere ee University of Wisconsin, Madison, Wis. 
Wha: We Se WG css sis cssectccsseceseased 628 Doverscourt Road, Toronto, Can. 
li Ri sesso ha ices ws cossngn Guero 206 South 9th St., St. Louis, Mo. 
Wie. Wh. Di ROG eos on bese ses csendiesecesassoenes 1350 25th St., Los Angeles, Calif. 
Dil: C.F. Tania scsviccccnsecicsinns 919 Chancellor Ave., Irvington, N. J. 
Da, Wretitadt Baud ......4:.:.....00005000555- Bureau of Standards, Washington, D. C. 


BUREAU OF EDUCATION 
Chairman, Mr. T. F. SLaTTERY........ 13 East Underwood St., Washington, D. C. 


Branch Representatives: 


Chamcmeani Te aia ns ose sieves eeneeste coscescn suse tpeeseanientoberncenbsieevieveieensonnons Haroutp Faint 
Waterbury III esvssnisslaie itenelpaeinienaelaiviteictndiantion aaa E.tswortH CANDEE 
Los Angeles Branch................ EOE CN Bee ee ae M. D. Rynxors 
Teor eel NNN 5a sonics cseceucuctsteea tevesioasseceteseeeus sence mornsir ores Henry LEVINE 
Pe TOO aac ensiscstnccesicctensnsitiacenennrennnsaricirannnivens Dr. A. K. GraHaM 
Baltimore-Washington Branch.................0cscessssscssessercseecnre esse seer es Dr. Wm. Bium 
CE I oii enaisicesicossisntitlicninrricainmicsaiiiciindaaniaal J. C. SincLer 
Hartford-Connecticut Valley Branch...........:.c:sssssesesemeeeesseeees RAY O? CONNOR 
TRE: TI scticsceine cieccnccntnstitennnesnenicesmematnbindiinvanhenmnaaietiaghciiit C. KemesH 
Meena Tastes cctysenbnsrsinviniennnsieaninincinbivitiannnnansisinmennicien D. A. Cotton 
PRS Tine os ceecneseisere evinces sane esesesey can ecennnninennieninniereniboomte Paut A. O_pam 
WUBI, TORII. cai ss eco costse cecesnissqcestesnecsseseiraediorssereos ee eooeee Henry BINDER 
Bi, Fite hansen csnecns.occnevs ineeiseen sicosseesecnsescenncgcsanbencnestnemectentth H. H. Witirams 
Pecehhetee Bett... ecie ene cccevees sccnessenestsseseosesansouss epee dereesesessinedenchonptanbinieia G. A. Lux 


Other Branch Representatives will be printed as received. 


81 





7 
ANDERSON 
Meets first Monday of every month at 7.30 
. m. at the Anderson, Indiana, Y. M. C. A. 
etary, G. S. Cole, 225 E. 12th St., Anderson, 
Indiana. 


BALTIMORE-WASHINGTON 
Meets in Enoch Pratt Library, Calhoun and 
Hollis Sts., Secretary, Irvin H. Hahn, 207 S. 
Sharp St., Baltimore, Maryland. 


BOSTON 
Meets at American House, Boston, Mass., 
first Thursday each month. Secretary, A. W. 
Garrett, 100 King St., Dorchester, Mass. 


BRIDGEPORT 


Meets first and third Fridays of each month 
at Chamber of Commerce Rooms, Stratfield 
Hotel. Secretary-Treasurer, Wm. H. Flaherty, 
642 Beechwood Ave., Bridgeport, Conn. 


CHICAGO 
Meets second Saturday of each month, at 8 
: m., Atlantic Hotel, 316 S. Clark St., Secretary, 
= G. Stenberg, 2200 N. Kenneth Ave., Chicago, 


CINCINNATI 
Meets every ——. 7.30 p. m., at Voca- 
tional Training School, Spring and Liberty Sts. 
Secre 3 Yeager, 2021 Sherman Ave., 
Norwood, Ohio. 


CLEVELAND 


Meets first Saturday of each month at Carter 
Hotel. Secretary, H. A. Weber, 4247 Archwood 
Ave., Cleveland, Ohio. 


DAYTON 


Meets first Saturday of each month at the 
Y. M. C. A., Dayton, Ohio. Secretary, Ward 
Protsman, 141 Westwood Ave., Dayton, Ohio. 


DETROIT 


Meets the first Friday of each month at the 
Hotel Statler, Louis II Room. retary-Treas- 
2. E. Marker, 15383 Manor St., Detroit, 

ich. 


GRAND RAPIDS 


Meets second Thursday of each month, 7.30 
. m., at Cody Hotel, 1 Division Ave., South. 
| hw Ra Jacob Van Dyke, 1361 Union Ave., 
N. E., Grand Rapids, Mich. 


HARTFORD-CONNECTICUT VALLEY 


Meets fourth Monday in each month alter- 
maa! at the Chamber of Commerce, 815 Main 
St., Hartford, and the Chamber of Commerce, 
134 Chestnut St., Springfield. Secretary, Vernon 
Grant, 32 Jennings Road, Bristol, Conn. 


LOS ANGELES 


Meets second Wednesday of each month at 
6.30 p. m., at the Rosslyn Hotel, 2nd floor, N. W. 
Cor. of 5th and Main Sts. Secretary, Earl Coffin, 
2910 S. San Pedro St., Los Angeles. 


MILWAUKEE 
Meets second Thursday of each month 
Cor. 3rd and Highland Ave. Secretary, 
Marx, 1431 W. Cherry St., Milwaukee, Wis, 


MONTREAL 
Meets second and fourth Friday of each mop 
at 1437 Aylmer St., Montreal, Quebec, Cz 
where the Secretary-Treasurer, Mr. 
Doherty, can be found at any time. 


_ .NEWARK 
Meets first and third Fridays of each mon 
at Newark Elk’s Club, Broad St., Newark, N, 
at 8 p. m. Secretary-Treasurer, Geo. Rueter, 
O. Box 201, Newark, N. J. 


NEW YORK 
Meets second and fourth Fridays of e 
month, in the World Building, Park Row, N 
York City, N. Y. rerary-Treasurer, J, 
Sterling, 2540 Steinway St., Astoria, L. I. 


PHILADELPHIA 
Meets first Friday of each month, in 
Harrison Laboratory Building, University 
Pennsylvania, 34th and Spruce Sts. Secreta 
J. E. Underwood, 327 N. 10th St., Camden, N.] 


PITTSBURGH 
Meets first Friday of each month, at 8 p.1 
at Keystone Club. Secretary, S. E. Hedden, 22 
Fifth St., Aspinwall, Pa. 


PROVIDENCE-ATTLEBORO 
Meets first and third week of each mon 


Notice by card. Secretary, J. H. Andrews, 
Rosedale St., Providence, R. I. 


ROCHESTER 
Meets third Friday of each month, at Hotd 
Seneca. Secretary, Chas. Griffin, 24 Garson Ave, 
Rochester, N. Y. 


SAN FRANCISCO 
Meets at Plaza Hotel, San Francisco. Secretary, 
gt McKibben, 310 Tehama St., San Francisco, 


ST. LOUIS 
Meets second Friday of each month, at the 
Plant of the Lassalco Co., 2828 LaSalle St. 
Secretary, C. T. McGinley, 8214 Fairham Ave. 
University City, Mo. 


TOLEDO 
Meets first Thursday of each month, at Toledo 
Secor Hotel, Cherry and Page Sts. Secretary, 
James M. Lee, Barker St., Fremont, Ohio. 


TORONTO 
Meets fourth Monday of each month, at 
Canadian Foresters’ Hall, 22 College St., Room 
No. 2. Secretary, H. W. Graham, 568 Lauder 
Ave., Toronto, Canada. 


WATERBURY 
Meets second Friday of the month, at En- 
ineers Hall, No. 11 st Main St. Secretary, 
— F. Guilfoile, P. O. Box 961, Waterbury, 
onn. 





